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1.1.  AREAS  AND  CIRCUMFERENCE  &  WEIGHTS  OF 

REINFORCING  STEEL  BARS 

t  6  c  n  ;  -a.,  t 

a.  Steel  Bars  Used  in  U.A.R. 

4> 

mm 

Weight 

Kg/m 

Cl.  RCUM 
(cm) 

Area  of  Cross-Section  in  cm2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

6 

.222 

1.88 

.283 

.566 

.848 

1.13 

1.41 

1.70 

1.98 

2.26 

2.54 

2.83 

-  8 

.395 

2.51 

.503 

1.01 

1.51 

2.01 

2.51 

3.02 

3.52 

4.02 

4.52 

5.03 

10 

.617 

3.14 

.785 

1.57 

2.36 

3.14 

3.93 

4.71 

5.50 

6.28 

7.07 

7.85 

13. 

1.04 

4.08 

1.33 

2.66 

3.98 

5.31 

6.64 

7.96 

9.29 

10.6 

11.9 

13.3 

16 

1.58 

5.03 

2.01 

4.02 

6.03 

8.04 

10.1 

12.1 

14.1 

16.1 

18.1 

20.1 

19 

2.23 

5.97 

2.83 

5.67 

8.50 

11.3 

14.2 

17.0 

19.9 

22.7 

25.5 

28.4 

22 

2.98 

6.91 

3.80 

7.60 

11.4 

15.2 

19.0 

22.8 

26.6 

30.4 

34.2 

38.0 

25 

3.85 

7.85 

4.91 

9.82 

14.7 

19.6 

24.5 

29.5 

34.4 

39.3 

44.2 

49.1 

28 

4.83 

8.80 

6.16 

12.3 

18.5 

24.6 

30.8 

37.0 

43.1 

49.3 

55.4 

61.6 

32 

6.31  . 

10.05 

8.04 

16.1 

24.1 

32.2 

40.2 

48.3 

56.3 

64.3 

72.4 

80.4 

38 

8.90 

11.94 

11.3 

22.6 

33.9 

45.2 

56.5 

67.8 

79.1 

90.4 

102 

113 

b.  Steel  Bars  Used  in  Other  Countries. 

♦ 

mm 

Weight 

Kg/m 

CIRCUM 

(cm) 

Area  of  Cross-Section  in  cm2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

5 

.154 

1.57 

.196 

.393 

.589 

.785 

.982 

1.18 

1.37 

1.57 

1.77 

1.96 

7 

.302 

2.20 

.385 

.770 

1.15 

1.54 

1.93 

2.31 

2.69 

3.08 

3.46 

3.85 

12 

.888 

3.77 

1.13 

2.26 

3.39 

4.52 

5.65 

6.79 

7.92 

9.05 

10.2 

11.3 

14 

1.21 

4.40 

1.54 

3.08 

4.62 

6.16 

7.70 

9.24 

10.8 

12.3 

13.9 

15.4 

18 

2.00 

5.65 

2.54 

5.09 

7.63 

10.2 

12.7 

15.3 

17.8 

20.4 

22.9 

25.4 

20 

2.47 

6.28 

3.14 

6.28 

9.42 

12.6 

15.7 

18.8 

22.0 

25.1 

28.3 

31.4 

24 

3.55 

7.54 

4.52 

9.04 

13.6 

18.1 

22.6 

27.1 

31.7 

36.2 

40.7 

45.2 

26 

4.17 

8.17 

5.31 

10.6 

15.9 

21.2 

26.5 

31.9 

37.2 

42.5 

47.0 

53.1 

30 

5.55 

9.42 

7.07 

14.1 

21.2 

28.3 

35.3 

42.4 

49.5 

56.6 

63.6 

70.7 

34 

7.13 

10.68 

9.08 

18.2 

27.2 

36.3 

45.4 

54.5 

53.6 

72.6 

81.7 

90.8 

36 

7.99 

11.31 

10.2 

20.4 

30.6 

40.8 

50.7 

61.2 

71.4 

81.6 

91.8 

102 
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s.  a/hx  a  zoo  cfz/mg  os  o/Mwrr  sox  A/f/wfAwr  c/toss-sAcr/oz/s 
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2 
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1 .  Simpson's  Rule  :  (n-even) 
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2.  Approximate  Rule  :  (Trapezium) 

A  =-§-  [v0+2(yf+  y2+y3+...)  +yn] 


£7/—f?eAaz7~?/  /?.  C.  ZZeszgm  f/and6ooA:  C/iapZer  ///  Geometri/ 


I. 

4.  POABA/P  4ATZ?  BBBP4CP  ABBA  OP  B/PPPBBjVT  BOP/PS 

Body 

V  =  Volume  ,  S  =  Surface  area  of  body. 

h 

i 

F 

i 

1)  2) 

$J 

1 

2 

Cylinder  :  1 )  V  -  ix  r  h  ,  S  =  2  i\  rh 

2)  V  =  A.l  =nr2.A  .1  =  nr2h 

u 

5  =  Length  of  circumference 
at  A  *  Length  l 

T 

h 

9 

lc  M 

2  5£ 

Cone  :  V  =^-A.h  =rr  r 2  (h/3) 

S  ~  rtr.l  =n  r  1 /r2  +  hZ 

Y1  =  h/4 

1 

L 

J 

1 

j 

/  i 
/ 1 

i 

R\  ''l  4 «(-' 

V  (R  z  +  r2  +  R.r) 

Cone 

S  =  tx.L.  (R+r) 

=  n  (R+r)  J(R-r)2  +1 1 

© 

Sphere  :  V  =(^-)7Xt3  =  n3d  /6 

S  =  n  d2  =4  7T  .r2 

2*L  G  !r/\  1 

Part  of  V  -  nh2  (r-  h  )=  n  h  (3a+h2 ) 
- -  x  3  6 

,2  2  , 

Sphere :  S  =  2ix  rh  =  tt  (a  +h  ) 

l  Yi  =(3/4)  (Zr~h)  f  a=  h(2r—h) 

'  '  Sr-ft.  N 

jj i 

£  1  T  (  ©  ]  ^ 

M  v  T  )\ 

1  CL 

a  1  1  a!  aj 

1  |  ,  •  |  • 

,  b  .  |  b 

\ — •  i — ! — i 

'r^P  i(T) 

1  1  ^Zi~J 

4=l 

Pari  of  V  =  ^r  (3a2  +  3b2  +fi  ) 

• 

Sphere  S  =  2i\  r.h 
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B)  SLABS  SUPPORTED  ON  FOUR  SIDES  AND  SUBJECTED  TO  TRIANGULAR  LOADS 

B-5)  SLAB  SIMPLY  SUPPORTED  ON  A  LONGER  SIDE  AND  FIXED 

ON  THE  OTHER  THREE  SIDES 


Position 

u 

/Lx 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

2.0 

y=0.5Lv 

Mx  min 

=  -PL2x: 

29.0 

25.5 

22.9 

21.1 

19.6 

18.8 

16.1 

y=0 

Mv  min 

rL 

p* 

i 

ii 

34.5 

32.1 

30.3 

29.2 

28.5 

28.2 

27.3 

& 

v=L 

at  x/Lx 

0.45 

0.47 

0.48 

0.49 

0.49 

0.49 

0.49 

y=0.5Lv 

Mx  ma  x 

=  PL2x  : 

104 

86.9 

75.2 

64.9 

57.8 

52.3 

39.4 

at  x/Lx 

= 

0.38 

0.42 

0.45 

0.47 

0.50 

0.50 

0.52 

y=0.5Lj- 

Mx  m 

=  PL2x  : 

‘118 

91.7 

76.3 

65.3 

57.8 

52.3 

39." 

Mv  ma  x 

=  PL2x: 

95.2 

95.2 

98.0 

103 

112 

122 

182 

x=0.5Lx 

0.3 

& 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.7 

x=0.5Lx 

m 

=  PL2x  : 

95.2 

95.2 

98.0 

103 

112 

1122 

233 

-> 

149 

128 

114 

103 

97.1 

91.7 

85.5 

x=U 

Mxv  max 

=  ±PL"  x: 

0.18 

0.18 

0.18 

0.18 

0.18 

0.17 

0.14 

at  y/Ly 

= 

& 

& 

& 

& 

& 

& 

& 

0.82 

0.82 

0.82 

0.82 

0.82 

0.83 

0.86 

x=0 

Qx  m 

}  =PIx  : 

3.1 

2.9 

2.8 

2.7 

2.7 

2.6 

2.5 

Rx  m 

Qx  max 

=-PLx  : 

21.3 

18.1 

15.8 

14.2 

13.1 

12.3 

10.4  , 

Rx  max 

=  PLX  : 

12.7 

11.2 

10.3 

9.7 

9.3 

9.1 

8.9 

y=0 

& 

±QV  max 

}  =PIx  : 

4.1 

4.1 

3.9 

3.8 

3.8 

3.8 

3.7 

y=0,5Ly 

R_v  max 

0.3 

0.4 

0.5 

0.5 

0.5 

0.5 

0.5 

at  x/Lx 

= 

P 


Ly/Lx  =  1.50 


MOMENTS 
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;i- iBS  SUPPORTED  ON  FOUR  SIDES  AND  SUBJECTED  TO  TRIANGULAR  LOADS 
B-51  SLAB  SIMPLY  SUPPORTED  ON  A  SHORTER  SIDE  AND  FIXED 


ON  THE  0: 

f  HER  Ti 

HREE  SIDES 

.  n 

Lv/L5 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

2.0 

r=0 

Mx  min 

ll 

■ 

K, 

X 

•  • 

34.5 

31.1 

28.7 

26.7 

25.3 

23.7 

20.2 

i 

at  xJLx 

= 

0.45 

0.44 

0.43 

0.42 

0.40 

0.38 

0.31 

5=-i : 

Mv  min 

=  -PL2  x : 

29.0 

26.9 

25.8 

24.9 

24.1 

23.8 

21.9 

f=*I  -5L> 

Mx  ma  x  =  Mx 

m  =  PL2x  : 

95.2 

81.3 

71.4 

64.9 

60.6 

57.2 

40.5 

Mv  ma  x 

ll 

n* 

X 

104 

104 

104 

104 

104 

104 

104 

0.38 

0.35 

0.34 

0.33 

0.32 

0.27 

0.22 

aty/Ly 

= 

a-iSL* 

My  m 

=  PL2x  : 

118 

128 

143 

161 

185 

217 

588 

1  :‘=Lv 

Mxy  max 

=  ±PL2  x : 

149 

154 

159 

167 

175 

185 

244 

0.18 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

at  xJ  1^ 

= 

& 

& 

& 

& 

& 

& 

& 

0.82 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

i=0 

& 

±QX  max  ^ 

=P1X  : 

4.1 

3.8 

3.6 

3.4 

3.2 

3.1 

2.8 

Rx  max 

1 

at  y/Ly 

=0.3 

Q  m 

• 

y=0 

_y  } 

=Plx  : 

3.1 

3.0 

2.9 

2.8 

2.8 

.  2.7 

2.6 

Ry  m 

%  Ly 

Qv  m 

=-PLx  : 

21.3 

23.4 

25.8 

28.5 

31.3 

34.0 

47.4 

Rv  m 

=  PLX  : 

12.7 

13.3 

14.1 

15.1 

16.3 

17.4 

23.8 

i=0.  5Lx 

PL4 

s  -  x 

.009 

.010 

.  .011 

.012 

.013 

.014 

.015 

i 

=0.5Ly 

-2 

Et 

FACTOR  pk<! 
MOMENTS 


CQ  ® 

od 


Ly/Lx  =  1.50 
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B)  SLABS  SUPPORTED  ON  FOUR  SIDES  AND  SUBJECTED  TO 

TRIANGULAR  LOADS 


B-6)  SLAB  FIXED  ON  ALL  FOUR  SIDES. 


Position 

Lv  /  L, 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

2.0 

x=0 

Mx  iniu  =  -PL' x : 

30.0 

26.7 

24.7 

23.3 

-n  -> 

21.8 

— 

20.: 

\-0.5Lv 

x=Lx 

Mx  min  =  -PL2x: 

56.2 

47.2 

41.7 

38.0 

35.5 
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B)  SLABS  SUPPORTED  ON  FOUR  SIDES  AND  SUBJECTED  TO 

TRIANGULAR  LOADS 


B-6')  SLAB  FIXED  ON  ALL  FOUR  SIDES. 
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C-l)  SLAB  SIMPLY  SUPPORTED  ON  THREE  SIDES  AND 
SUBJECT  TO  UNIFORM  LOAD 
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TRIANGULAR  LOAD 
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C-3)  SLAB  SIMPL  Y  SUPPORTED  ON  TWO  SIDES ,  FIXED  ON  ONE  SIDE  AND  SUBJECT  TO 

_ UNIFORM  LOAD _ 
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C-4)  SLA  B  SIM  PL  Y  SUPPORTED  ON  TWO  SIDES,  FIXED  ON  ONE  SIDE  AND  SUBJECT 


C5 

2 

6C 

T 

3 

£ 

S' 


1.5 

30.5 

186 

145 

0.35 

81.9 

81.9 

0.5 

67.0 

66.9 

0.5 

521 

SCO’ 

1.4 

27.5 

158 

132 

0.36 

71.1 

71.1 

0.5 

63.6 

63.6 

0.5 

524 

.035 

<0 

• 

24.8 

134 

119 

0.38 

620 

620 

0.5 

60.7 

60.6 

0.5 

560 

.035 

1.2 

22.2 

115 

107 

0.4 

54.2 

54.2 

0.5 

58.2 

58.1 

0.5 

678 

.034 

• 

19.8 

99.2 

95.7 

0.43 

47.6 

47.6 

0.5 

56.3 

56.3 

0.5 

1122 

.033 

1.0 

17.5 

86.7 

85.5 
0.45 

42.6 

42.6 

0.5 

55.0 

55.0 

0.5 

15152 

.031 

0.9 

15.4 

77.3 

76.5 

0.46 

_ i 

37.9 

37.9 

0.5 

54.9 

54.9 

0.5 

618 

.026 

0.8 

13.5 

70.9 

68.6 

0.49 

34.7 

34.7 

0.5 

56.0 

56.0 

0.5 

258 

.024 

0.7 

11.7 

68.3 

65.1 

0.53 

32.9 

32.9 

0.5 

59.2 

59.2 

0.5 

143 

610* 

0.6 

10.3 

71.4 
64.2 

0.58 

32.7 

32.7 

0.5 

66.0 

64.8 

0.3 

90.1 

.015 

0.5 

8.9 

87.8 

68.5 

0.62 

35.2 

35.2 

0.5 

80.5 

72.0 

•0.2 

63.3 

o 

T-* 

O 

• 

0.4 

7.8 

175 

84.0 

0.69 

42.8 

41.2 

0.3 

110 

76.8 

0.15 

47.3 

900* 

0.3 

6.9 

-299 

135 

0.75 

66.0 

48.4 

0.2 

184 

75.0 

0.15 

39.1 

.003 

0.25 

6.6 

-114 

220 

0.75 

94.7 

49.5 

0.15 

252 

650 

0.1 

37.0 

100* 

K 

> 

• "  ••  »• 

_  r^l  f-* 

—  — i  r1 

n1  ii  ii 

x  -T 

.  n  ec 

S  £  £  « 

•  •  •• 

<N  ^  >, 

-2  r3 
£-  £■< 

1 . 

£  -J 
EE'- 

~X  *X  * 
^  ^  w 

•  •  •• 

"j  £ 
n  i<  ii 

V.  X 

cc  j 

E  E  ^ 
S  £  3 

J 

Cu 

+1 

II 

5 

r- 

5 

o 

2 

U) 

\ 

X 

te— • 

11 

to 

Position 

X 

5 

%n 

•w' 

II 

X 

-r 

H 

>> 

-T 

IT/ 

• 

O 

II 

Z 

■J* 

ii 

f . 

X  >> 

o 

in 

o 

l! 

X 

—3 

\ 

J 


ui 

E- 

Z 

w 

s 

o 


23 


107- 


El-Bell  airy  R.C.  Design  Handbook  Chapter -4-  Rectangular  Plates 


kj 

CQ 

CO 


I 

X 


kj 

1 


1 


I 


O 

Q 

1 


X 

Co 


q 

2 

*4 


C< 

§ 

I 

O 


1.5 

— 

24.9 

52.6 

25.4 

55.4 

652 

150 

0.1 

.034 

1.4 

21.6 

45.8 

22.3 

48.8 

462 

133 

0.1 

.034 

1.3 

18.6 

”T 

• 

CN 

fO 

19.4 

43.0 

331 

ero 

8ii 

.034 

1.2 

15.7 

33.5 

8*91 

37.5 

240 

104 

0.16 

.034 

1.1 

13.2 

28.2 

14.4 

32.8 

171 

90.9 

0.19 

.034 

1.0 

10.8 

23.4 

12.2 

28.2 

122 

75.8 

0.22 

.034 

0.9 

8.7 

19.1 

10.3 

24.0 

85.0 

61.2 

0.25 

.034 

cc 

• 

0 

6.8 

15.4 

8.6 

20.5 

61.1 

48.2 

0.28 

.034 

0.7 

5.2 

12.2 

7.0 

17.3 

43.2 

36.6 

0.33 

.034 

0.6 

3.8 

9.6 

VO 

in 

14.4 

30.5 

28.3 

0.38 

.033 

0.5 

2.8 

7.4 

4.4 

11.9 

21.6 

21.0 

0.43 

0 

ro 

0 

• 

0.4 

CN 

5.8 

3.4 

6*6 

15.3 

15.2 

0.47 

.025 

0.3 

fO 

4.6 

2.5 

8.4 

11.4 

11.9 

0.48 

0 

r4 

O 

• 

IT, 

CS 

d 

— 

4.4 

2.0 

i— « 

00 

9.6 

9.6 

0.5 

in 

0 

X 

>-> 

(N 

A 

7 

X 

2 

>> 

ft. 

11 

r* 

*X 

x- 

c4 

Ji 

A 

*—* 

ll 

"5c 

M 

-3 

ft. 

II 

r- 

g 

*X 

2 

fS 

J 

ft. 

II 

>» 

<s 

-3 

ft. 

II  11 

S  -T 

E  ^ 

^  es 

m 

X 

11 

00 

Position 

Jr 

1! 

>% 

s 

m 

d 

11 

>-> 

X 

> 

*-< 

m 

? 

X 

X 

S 
f  1. 

x  >-» 

o 

in 

o 

II 

x 

\ 

>% 

-J 


cn 

H 

2 

W 

s 

O 

S 


-3 


o; 
o 
E — 
c_> 
•c 

fct- 


108 


P l- B  hairy  R.C.  Design  Handbook  Chapter -4-  Rectangular  Plates 


£ 


> 

£ 


S' 

Ss 


C5 

5 

*4 

5) 

•<  "T 

5  *"* 

>  £ 
>)  k 

,-o 

3K 

I 

I 

O 

1 

eq 

3 

>> 

Vo1 

0 


IT, 

_• 

230 

324 

51.3 

115 

43.5 

0.31 

750 

175 

0.15 

o 

IT, 

1 

.005 

1.4 

187 

262 

45.1 

102 

39.2 

0.32 

532 

153 

0.16 

CO 

rr 

i 

.005 

1.3 

150 

210 

39.5 

91.5 

34.7 

0.33 

390 

132 

0.18 

-1001 

.006 

1.2 

1  17 

166 

34.6 

81.4 

31.4 

0.34 

288 

133 

0.19 

-936 

900' 

• 

88.0 

129 

29.9 

72.2 

27.9 

0.36 

209 

93.5 

0.2 

-957 

r- 

© 

© 

1.0 

64.6 

98.0 

26.0 

63.6 

24.6 

0.39 

152 

78.4 

0.21 

-1060 

© 

© 

• 

0.9 

46.1 

74.2 

22.3 

56.3 

21.6 

0.42 

111 

65.5 

0.23 

-1386 

00 

© 

o 

• 

00 

d 

32.3 

55.2 

18.9 

49.6 

18.6 

0.46 

81.6 

54.2 

0.25 

1 

600* 

0.7 

21.8 

40.7 

16.0 

43.4 

16.0 

0.5 

60.1 

44.4 

0.28 

1 

600* 

0.6 

14.8 

30.5 

13.3 

37.7 

13.2 

0.57 

44.6 

35.9 

0.29 

1 

600* 

0.5 

9.8 

22.9 

11.0 

32.6 

11.0 

1.0 

33.6 

28.9 

0.33 

1 

.009 

0.4 

6.3 

17.6 

8.8 

28.3 

8.8 

1.0 

25.7 

23.5 

0.35 

1 

00 

© 

© 

• 

0.3 

4.1 

13.8 

6.7 

25.3 

t"-  © 

•  • 
VO  i-< 

20.2 

19.1 

0.38 

1 

.005 

0.25 

3.2 

13.0 

5.7 

24.3 

5.7 

1.0 

18.3 

17.7 

0.4 

1 

.005 

»< 

J 

JP 

*7 

H  II 

■g  £ 

K  X 

S  £ 

7  if 

‘1  e 

X  X 

S  £ 

J 

Cl 

ii  ii 

.s  -T 
% 

S  CS 

•  •  •• 

ra  ^ , 

■J  J 

ii  ii  ii 

3  -T 

EE- 

S  S  3 

•  • 

>- 

CO 

00  S 
II  1 

1! 

c z 

e 

< 

X 

a. 

II 

s 

cd 

Position 

-T 

ii 

>> 

-T 

ir< 

d 

II 

>> 

©  -3 

II  II 

X  X 

K 

-1 

IT, 

• 

? 

X 

JP 

irj 

• 

? 

X 

j?  * 

-T 

?  II 

X  >-> 

o 

in 

o 

II 

x 

_q 

\ 

>* 

-J 


X 


cu 


I/D 

E— 

Z 

ta 

S 

o 

s 


35 


CL. 


OS 

o 

E— 

CJ) 


109 


El-Beh airy  R.C.  Design  Handbook  Chapter -4-  Rectangular  Plates 


C-7)  SLAB  FIXED  ON  THREE  SIDES  AND  SUBJECT  TO  UNIFORM  LOAD 
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C-8)  SLAB  FIXED  ON  THREE  SIDES  AND  SUBJECT  TO  TRIANGULAR  LOAD. 


REACTIONS  OF  SLABS  FIXED  ON  THREE  SIDES  AND  SUBJECT 

TO  UNIFORM  AND  TRIANGULAR  LOADS  * 


a)  UNIFORM  LOAD. 
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Position 

Ly/LX 

0.60 

0.70 

0.80 

0.90 

1.00 

1.25 

1.50 

x/Lx 

y/Ly 
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Rl  =  pLy! 

1.44 

1.70 

1.95 

2.20 

2.50 

3.22 

4.02 

0.1 

l 

R2  =  pLyl 

0.80 

0.98 
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1.37 

1.59 

2.20 

2.85 

0.1 

0.5 

R3  =  pLy: 

2.00 

2.00 

2.07 

2.17 

2.30 

2.53 

3.05 

b)  TRIANGULAR  LOAD. 
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Rl  =  pLy: 

2.40 

2.70 

2.90 
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4.05 
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0.1 

1 

*1 

II 

*w 

r 
•  • 

6.50 

8.70 

11.6 

15.8 

22.2 

69.5 

-250 

0.1 

0.5 

R3  =  pL,: 

4.40 

4.40 

4.50 

4.60 

4.80 

5.35 

6.13 

*  TIMOSHENKO  :  “  PLATES  AND  SHELLS  “  FOR  y  =  1/m  =  1/6 
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D-l)  Slab  Simply  Supported  on  Three  Sides  and  Subjected  to  Uniform  Edge  Load  t/m' 
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D-4)  SLAB  FIXED  ON  THERR  SIDES  AND  SUBJECT  TO  UNIFORM  EDGE  LOAD  p  t/m. 
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0-4')  SLAB  FIXED  ON  THREE  SIDES  AND  SUBJECT  TO  UNIFORM  EDGE  MOMENT  M  mtfm. 
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IV  2.  BENDING  MOMENTS  IN  RECTANGULAR  PLATES  SUPPORTED  ON 
TWO  OPPOSITE  SIDES  AND  FREE  AT  THE  OTHER  TWO  SIDES 
DUE  TO  LINE  LOAD  AND  MOMENT  AT  THE  FREE  EDGE . 


1  Pt/m‘ 

It  m 


m 


Line  Load  at  free  edge  :  p(t/m) 
Moment  at  free  edge  :m(mt/m) 


1.  Plate  free  at  two  opposite  sides 
&  simply  supported  at  the  other  sides 


Ly/Lx 

due  to 

Mj  at  middle  of  span 

M,  at  middle  of  span 

1 

Factor 

Mxi 

mx2 

Mx3 

Myl 

My2 

My3 

P 

+  .25 

+  .01 

0 

0 

-.01 

0 

pLx 

3.0 

m 

+  .33 

-.01 

0 

-1.0 

0 

0 

m 

P 

+  .25 

+  .03 

0 

0 

-.01 

0 

pLx 

2.0 

m 

+  .33 

-.04 

-.01 

-1.0 

-.01 

0 

m 

P 

+  .25 

+  .05 

+  .01 

0 

-.02 

0 

pLx 

1.6 

m 

+  .33 

-.05 

-.02 

-1.0 

-.03 

0 

m 

P 

+  .25 

+  .09 

+  .03 

0 

-.03 

0 

pLx 

1.2 

m 

+  .33 

-.06 

-.05 

-1.0 

-.10 

0 

m 

P 

+  .25 

+  .11 

+  .05 

0 

-.04 

0 

pU 

1.0 

m 

+  .33 

-.04 

-.08 

-1.0 

-.15 

0 

m 

P 

+  .26 

+  .15 

+  .08 

0 

-.04 

0 

pLx 

0.8 

m 

+  .32 

-.05 

-.12 

-1.0 

-.22 

0 

m 

P 

+  .32 

+  .25 

+  .19 

0 

-.04 

0 

pLx 

m 

0.5 

m 

+  .29 

-.03 

-.20 

-1.0 

-.39 

0 

P 

+  .53 

+  .50 

+  .47 

0 

-.03 

0 

pLc 

.25 

m 

+  .25 

0 

-.25 

-1.0 

-.49 

0 

m 

example 

Ly 


=  1.0 


^niTli 


m 


— 0.04pLx 


Due  to  P  :  o.ospLx 


M*  My 


0.33  m 


y 


-0.04m 


0.15m 


Duo  to  m: 


—0.08m 


—  My  0 
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2.  PLATE  FREE  AT  TWO  SIDES ,  FIXED  AT  ONE  SIDE  AND  SIMPLY 


SUPPORTED  A  T  THE  OTHER  SIDE. 


m 


P 1 

1 


y 


■y 


“T 

2 

3 


L 


6! 


Ly^ 

due  to 

Mx(mid.span) 

My(mid.span) 

Ms(at  support) 

Factor 

Mxl 

mx2 

Mx3 

Myl 

My2 

My3 

Mx4 

mx5 

mx6 

P 

+.19 

0 

0 

0 

0 

0 

-.33 

0 

0 

pLx 

3.0 

m 

+.33 

0 

0 

-1.0 

0 

0 

-.59 

+.01 

0 

m 

P 

+.19 

+.01 

0 

0 

-.01 

0 

-.33 

-.02 

0 

pLx 

2.0 

m 

+.33 

-.02 

0 

-1.0 

0 

0 

-.59 

+.03 

0 

m 

P 

+.19 

+.02 

0 

0 

-.01 

0 

-.33 

-.04 

0 

pLx 

1.6 

m 

+.33 

-.03 

+.01 

-1.0 

0 

0 

-.59 

+.06 

+.01 

m 

P 

+.19 

+.05 

+.02 

0 

-.03 

0 

-.33 

-.09 

CO 

o 

r 

pLx 

1.0 

m 

+.33 

-.06 

-.04 

-1.0 

-.05 

0 

-.59 

+.11 

+.06 

m 

P 

+.19 

+.08 

+.03 

'  0 

-.02 

0 

-.33 

-.13 

-.05 

pLx 

0.8 

m 

+.33 

-.06 

-.08 

-1.0 

-.10 

0 

-.58 

+.11 

+.14 

m 

P 

+.21 

+.14 

+.09 

0 

-.04 

0 

-.37 

-.24 

-.16 

pLx 

0.5 

m 

+.31 

-.04 

-.15 

-1.0 

-.27 

0 

-.54 

+.08 

+.27 

m 

P 

+.31 

+.28 

+.25 

0 

-.03 

0 

-.56 

-.50 

-.45 

PL. 

0.25 

m 

+.26 

-.01 

-.23 

-1.0 

-.45 

0 

-.47 

+.01 

+.42 

m 

Example: 

Ly 

T —  =1.0 

LX 


+0,05 


Due  to  P: 


+0.02 


— rrjn'LLi  f.i  jinimriw 


m 

o 


g  0.03 

ft 


-0.33 


i 


-0.06- 


-0.04 


-0.59  _1<0m 


'+0.4 


J  x 


;+0.06 


0.05 


Due  to  m: 


Mx 


My 
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3.  PLATE  FREE  AT  TWO  SIDES  AND 
FIXED  AT  THE  OTHER  TWO  SIDES 


Ly 


1 

2 

3 


Lx 


-2. 


->-X 


Ly/Lx 

due  to 

Mx(mid.span) 

My(mid.span) 

Mx(at  support) 

Factor 

Mxi 

Mx2 

My, 

My2 

My3 

Mx4 

Mxs 

Mx6 

P 

+.19 

0 

0 

0 

0 

0 

-.29 

-.01 

0 

pLx 

2.0 

m 

+.33 

-.01 

0 

-1.0 

0 

0 

-.67 

+.01 

0 

m 

P 

+.14 

+.01 

0 

0 

-.01 

0 

-.29 

-.01 

0 

pLx 

1.6 

m 

+.33 

-.02 

0 

-1.0 

0 

0 

-.67 

+.03 

0 

m 

P 

+.14 

+.02 

0 

0 

0 

-.29 

-.03 

0 

pLx 

1.2 

m 

+.33 

-.04 

-.01 

-1.0 

0 

0 

-.67 

+.07 

+.01 

m 

P 

+.14 

+.02 

0 

0 

-.01 

0 

-.29 

-.05 

-.01 

pLx 

1.0 

m 

+.33 

-.05 

-.01 

-1.0 

0 

0 

-.66 

+.09 

+.02 

m 

P 

+.14 

+.04 

+.01 

0 

-.02 

0 

-.29 

00 

© 

1* 

-.02 

pLx 

0.8 

m 

+.33 

-.06 

-.03 

-1.0 

-.04 

0 

-.67 

+.12 

+.06 

m 

P 

+.15 

+.07 

+.03 

0 

-.03 

0 

-.30 

-.14 

-.06 

pLx 

0.5 

m 

+.32 

-.06 

-.09 

-1.0 

-.14 

0 

-.65 

+.12 

+.17 

m 

P 

+.20 

+.16 

+.14 

0 

-.03 

0 

-.40 

-.33 

-.28 

pLx 

0.25 

m 

+.28 

-.02 

-.21 

-1.0 

-.33 

0 

-.56 

+.04 

+.42 

m 

-0.29 


— 0.29plx 


0.05 


-0.01 


0.01 


My 


—0.66m 


—  1.0m 


0.00 


^+0.02 


My 
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BENDING  MOMENT  DIAGRAMS 


in  rect.  plate  with  two  free  sides 
and  two  fixed  sides,  due  to  line 
load  &  moment  at  free  edge 


P  t/m' 


Const  line  load  on 
the  free  edge 


c* 


m  mt/m’ 


Const,  moment  on 
the  free  edge 


M  =  Factor  .  P  .  Lx 


M  =  Factor  .  m 
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IV.3.  Plate  Fixed  on  two  Adjacent  Sides  and  Free 

on  the  Other  two  Sides  : 


1)  Uni 

orm  Load  p  t/m2  :M  = 

p.Lx.L 

y  /  factor  : 

Ly/Lx 

Mxi 

M*2 

Mv3 

Mj4 

lVIni5 

^Ini6 

<P° 

1.00 

-3.23 

-7.33 

-3.23 

-7.33 

16.7 

-19.9 

45 

1.25 

-3.29 

-6.54 

-3.41 

-8.43 

17.6 

-20.4 

41 

1.50 

-3.51 

-6.11 

-3.78 

-9.60 

20.2 

-21.7 

38 

1.75 

-3.81 

-5.91 

-4.27 

-10.9 

24.6 

-23.4 

35 

2.00 

-4.18 

-5.90 

-4.88 

-12.4 

31.0 

-25.4 

32 

2)  Line  Load  P  t/m  at  edge  x 

=LX  :  M  =  P.Ly  /  factor  : 

1.00 

-2.22 

-8.36 

-1.02 

-6.47 

11.6 

-5.24 

36 

1.25 

-2.00 

-5.70 

-1.13 

-6.33 

11.0 

-5.21 

32 

1.50 

1 

K> 

O 
>— * 

-4.51 

-1.30 

-6.48 

11.8 

-5.40 

29 

1.75 

o 

T— <  . 

-3.95 

-1.50 

-6.85 

13.7 

-5.71 

26 

2.00 

-2.26 

-3.68 

-1.74 

-7.36 

16.7 

-6.08 

23 

3)  Line  Load  P  t/m  at  edge  y= 

=Ly  :  M  =  P.LX  /  factor  : 

1.00 

-1.02 

-6.47 

-2.22 

-8.36 

11.6 

-5.24 

54 

1.25 

-0.97 

-6.90 

-2.80 

-13.1 

14.0 

-5.60 

49 

1.50 

-0.95 

-7.60 

-3.76 

-19.5 

17.7 

-6.22 

46 

1.75 

-0.95 

-8.51 

-5.16 

-27.8 

22.9 

-7.03 

43 

2.00 

-0.97 

-9.70 

-7.25 

-38.0 

29.7 

-8.05 

41 

4)  Moment  M  (m.t/m)  at  edge  x=Lx 

M  = 

M  /  factor  : 

1.00 

-6.55 

11.4 

-0.50 

9.08 

62.1 

-2.93 

27 

1.25 

-2.69 

12.7 

-0.48 

12.5 

16.8 

-2.16 

24 

1.50 

-1.81 

13.1 

-0.49 

19.8 

10.9 

-1.79 

21 

1.75 

-1.47 

13.2 

-0.50 

35.8 

9.30 

-1.59 

19 

2.00 

-1.30 

15.5 

-0.53 

53.9 

9.04 

-1.46 

17 

Vm 


m.t/m' 
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IV.3.  Plate  Fixed  on  two  Adjacent  Sides  and  Free 
on  the  Other  two  Sides  : 


5)  Moment  M  (nut/m)  at  edge  y~Ly  :  M  =  M  / factor  : 


Lj/Lx 

Mxi 

Mx2 

MyJ 

My4 

M^m5 

Mm6 

<p° 

1.00 

-0.50 

9.08 

-6.55 

11.4 

-62.1 

-2.93 

63 

1.25 

-0.53 

6.35 

10.1 

10.8 

-64.2 

-4.47 

60 

1.50 

-0.56 

5.76 

13.2 

11.4 

-36.3 

-7.17 

57 

1.75 

-0.61 

4.75 

11.2 

19.3 

-34.4 

-12.3 

55 

2.00 

-0.65 

4.49 

12.5 

28.5 

-38.2 

-24.2 

53 

1.00 

-0.84 

-4.75 

-0.84 

-4.75 

6.16 

-2.30 

45 

1.25 

-0.73 

-4.00 

-1.06 

-6.12 

6.59 

-2.38 

42 

1.50 

-0.69 

-3.72 

-1.40 

-7.92 

7.66 

-2.57 

40 

1.75 

-0.68 

-3.75 

-1.91 

-10.3 

9.35 

-2.87 

38 

2.00 

-0.68 

-3.96 

-2.63 

-13.5 

11.6 

-3.22 

37 

7)  Trinagular  Load  p  t/m2  :M~pLx.Ly/2  factor  : 


1.00 

-6.6 

-9.1 

-4.11 

-7.74 

-22.6 

-54 

39 

1.25 

-7.02 

-8.08 

-4.05 

-8.18 

23.7 

-56 

35 

1.50 

-7.85 

-7.31 

-4.19 

-8.80 

27.3 

-60 

31 

1.75 

-8.98 

-6.92 

-4.41 

-9.51 

33.7 

-65 

27 

2.00 

-1.03 

-6.72 

-4.15 

-10.40 

43.8 

-68.4 

23 

T)  Trinasular  Load  v  t/m  :M  =  pL*.  L„/2 


factor : 


1.00 

-4.11 

-7.74 

-6.6 

-9.4 

22.6 

-54 

51 

1.25 

-4.41 

-7.50 

-6.77 

-11.3 

24.5 

-55.9 

47 

1.50 

-4.85 

-7.46 

-7.34 

-13.3 

28.5 

-60.4 

45 

1.75 

-5.39 

-7.56 

-8.20 

-15.6 

34.8 

-66.7 

43 

2.00 

-5.95 

-7.80 

-9.29 

-18.1 

43.8 

-74.1 

41 

s 


s 


A. 


rl/O.BO 


6)  Concentrated  Load  P  (t)  x-Lx ,  y=Ly  :  M  =  P/ factor 


■  V  \ 

i 

i/e.oo 

§  ?i 

-1/0.64 

X  - T 

-1/4.75 

■O  F 

r-  £ 
t 

\  £ 

2  § 

m.t/m 


*-1/0.80 


■s\ 


—i/0.i 

V  F 

t 

V.  Jl 

—  1  ^ 

-1/4.11 


:  -1/7.74 

1  llHlniTrfTinnTa-  i 


't/m-  ppi^ 
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IV.  4.  Plate  Supported  on  a  Central  Support  and  Subjected  to  Uniform  Load 

M  “  p*Lx*Ly  /  L&CtOI*  Xx  ~  tx  /  Lx  9  ty  /  Ly 


2.0 

4.15 

5.38 

7.70 

2.94 

3.51 

4.35 

47.6 

4.90 

1.9 

4.13 

5.35 

7.64 

3.00 

3.60 

4.48 

43.5 

5.21 

00 

r-H 

4.11 

5.33 

7.58 

3.06 

3.69 

4.63 

37.0 

5.55 

1.7 

4.09 

5.29 

7.52 

3.21 

3.78 

4.78 

32.3 

5.95 

1.6 

4.07 

5.25 

7.46 

3.19 

3.89 

4.95 

27.8 

6.42 

«n 

rH 

4.05 

5.21 

7.38 

3.27 

4.00 

5.13 

24.4 

7.00 

y— < 

4.02 

5.16 

7.30 

3.36 

4.11 

5.33 

21.8 

7.70 

1.3 

3.98 

5.09 

7.20 

3.45 

4.24 

5.56 

18.9 

8.54 

1.2 

3.94 

4.99 

6.98 

3.53 

4.38 

5.82 

16.7 

9.60 

r-H 

3.85 

4.87 

6.68 

3.64 

4.55 

6.09 

ni 

L'P  l 

o 

r-H 

3.73 

4.72 

6.37 

3.73 

4.72 

6.37 

13.2 

13.2 

X 

>J 

>■ 

«D  O  O 
O  H  <N 

©  ©  © 

II  II  II 

X  X  X 

«-<  <H 

in  o  o 

O  n  N 

©  o  © 

II  1  II 
>>  >.  > 
<<  «i  c< 

X 

£ 

'<r\ 

< 

in  n 
x  > 

£  £ 

?tu/3  d 


2.0 

31.30 

4.10 

7.86 

3.85 

8.0 

CN 

27.80 

4.34 

o 

00 

K 

4.02 

8.0 

00 

r-H 

25.00 

4.61 

7.75 

4.20 

o 

00 

r— ( 

22.20 

4.92 

7.70 

4.41 

8.0 

VO 

1— H 

20.00 

5.27 

7.64 

4.63 

8.0 

VJ 

r-H 

17.95 

5.67 

7.53 

4.86 

o 

oc 

TT 

l—H 

15.90 

6.16 

7.35 

5.10 

8.0 

r-H 

14.10 

6.75 

7.20 

5.38 

8.0 

n 

r-H 

12.50 

7.46 

6.95 

5.68 

o 

CO 

i“H 

1— H 

11.00 

8.33 

6.67 

5.98 

8.0 

1.0 

9.52 

9.52 

6.33 

6.33 

CO 

4 

4 

X 

£ 

£ 

C4 

X 

£ 
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£ 

s 

■•t 

£ 

i 

IL 
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IV.  4.2.  PLATE  SUPPORTED  ON  FOUR  POINTS  AND  SUBJECTED  TO  CONCENTRATED  LOAD  P(t )  .• 
M=P  / factor 
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rH 
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IV. 5. A  Bending  Moments  in  Simply  Supported  and  Totally  Fixed  Triangular  Tlatc 

due  to  rectangular  and  triangular  Loads. 
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CORNER  CANTILEVER  SLABS 


-v 


Stress  Trajectories 


B.M.D  Under  Uniform  Load 


Strip  1 
Aa  for  Top  R.F.T 


Strip  2 
2  As  for  Top  R.F.T. 


Strip  3 

L  1/2  As  for  Top  R.F.T. 
1/4  As  for  Bott.  R.F.T 


JL 


Strip  3  !  Strip  2  !  Strip 

I  I  t 

t — 1 — L - + - L— - t 

Details  Of  R.F.T. 
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CHAPTER  V. 

CIRCULAR  BEAMS,  CIRCULAR  PLATES  AND  SURFACES 

OFREVOLUTLONS 

VI.  Circular  Beams  Page 

a)  Circular  Beam  subject  to  uniform  Load  p  and  supported 

symmetrically  on  n-supports  132 

b)  Cantilever  Circular  Beam  Symmetrically  Loaded.  133 

c)  Totally  Fixed  Cantilever  Beam  Symmetrically  Loaded  134 

2.  Circular  Plates  : 

A.  Solid  Circular  Plate  Subjected  to  136 

1.  Uniformly  Distributed  Load  136 

2.  Partial  Uniform  Load  at  the  Middle  ^ 

138 

3.  Concentrated  Load  P  at  Center  139 

4.  Ring  Load 

5.  An  Intermediate  Radial  Ring  Moment 

B.  Circular  Plate  with  a  Circular  Hole  at  the  Center  and  Subjected  to 

6.  Uniformly  Distributed  Load  140 

7.  Ring  Load  Along  the  Inner  Edge  141 

8.  Ring  Load  Along  the  Outer  edge  142 

9.  Radial  Ring  Moments  on  the  Outer  Edge.  142 

10.  Radial  Ring  Moments  on  the  Inner  Edge.  143 

11.  Radial  Ring  Moments  Along  the  Supported  Edge  144 

V.3.  Surfaces  of  Revolution  &  Shells  : 

1.  Internal  Forces  According  to  Membrane  Theory  145 

2.  The  Spherical  Dome  145 

3.  Toroid  Dome  :  150 

a)  Ring  axis  bisects  the  cross-section 

b)  Ring  axis  does  not  bisect  the  cross-section 

4.  Other  shells  of  revolution  with  curved  meridian:  151 

Parabola,  Cycoloid  152 

5.  The  Conical  shell: 

a)Dead  load,  b)Live  load,c)General  cases  of  loading  153 

6.  The  Barrel  Shell  157 

7.  Circular  Cylindrical  Shell  (Pipe)  I59 
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CIRCULAR  BEAMS,  CIRCULAR  PLATES  AND  SURFACES  OF 

REVOLUTIONS. 

V.I.  CIRCULAR  BEAMS 


a)  Circular  beam  subject  to  uniform  Load  y  and  supported  symmetrically  on  n  supports: 

7t 

90  =  -  • 


2  7t  I* 

Reaction  -  -  p 


n  n 

Max.  shearing  force  to  the  right  or  left  of  any  support : 

Q,  -  •  11  n' 


max 


=  + 


n 


The  bending  moment  M,  the  torsional  moment  Mt  and  the  shearing  force  Q  in  any 
section  at  an  angle  cp  from  the  center  Line  between  two  successive  supports,  are 
given  by: 


2  ,  *  cos  9 

M  =  r  p  ( 


Mt  =  -r  p  ( 
Q  =  -  r  p  tp 


n  sin  cp0 
7i  sin  cp 


n  sin  <p0 


-  1  ) 
-  9  ) 


T^e  following  table  gives  the  reactions,  the  maximum 
shearing  forces,  bending  moments  and  torsional 
moments  in  a  circular  beam  of  radius  r  supported  symmetrically  on  n  supports  and 
subject  to  a  total,  uniformly  distributed  ,  Load  P: 


P  =  2  %  r  p 


K, 


Number 

Load  on 

Max. 

Max.  Bending  Moment 

Max. 

Central 

of 

supp. 

each  column 

Shearing 

force 

at  center 
of  each  span 

Over  center 
line  of 
support 

torsional 

moment 

angle 

between  axis 
of  support 
&  sec.  of 

n 

R 

Qmax» 

M(+) 

M(-) 

Mt 

max.  Mt 

4 

P/4 

P/8 

.0176  Pr 

-.0322  Pr 

.0053  Pr 

19°  21' 

6 

P/6 

P/12 

.0075  Pr 

-.0148  Pr 

.0015  Pr 

12°  44' 

8 

P/8 

P/16 

.0042  Pr 

-.0083  Pr 

.0006  Pr 

9°  33' 

10 

P/10 

P/20 

.0032  Pr 

-.0052  Pr 

.0004  Pr 

0 

w 

OO 

12 

P/12 

P/24 

.0019  Pr 

-.0037  Pr 

.0002  Pr 

6°  21' 
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~_-ir.nl ever  Circular  Beam  Symmetrically  Loaded, 
i symmetry,  the  shearing  force  Q  and  the  torsional  moment  Mt  at  c  are 
to  zero,  thus  : 


=  0  and  Mtc  =  0 
r  -  -  -  single  concentrated  Load 


r  or  two  equal  concentrated  load  P 

::nng  at  e  and  e ' 

Pn 

A  =  -  T" 


and 


m 


nd 

) 


n 


=  Pb  ( 1  -  —  - 

b  bL 

For  a  uniform  load  p/m  on  circular  part  B  B' 

s  s 

RA  =  -  p  r  cpo  —  and  =  p  r  q>0  (  1  +  —  ) 

L  JL 


Mc  =  p  b  r  [q>0  (  1 


s  d  x 

Lb  } 


in  which  s  =  distance  of  center  of  gravity  of  arch  from  B  B' 

r 

md  s  =  (  sin  cp0  -  q>0  cos  cp0  )  .  - 

<Po 

C)  Totally  Fixed  Cantilever  Circular  Beam  Symmetrically  Loaded 

Due  to  symmetry  Qc  =  0  and  Mtc  =  0  This  beam  is  once 

statically  indeterminate  ,  the  statically  indeterminate  value  Mc  can 
be  determined  as  follows : 
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in  which 


a 


o 


M  =  - 
c  a 


aQ  =  2  r  J9°  (  M0  cos  cp  -  Mto  x  sin  9  )  1I9  and 

acj  =  2  r  J"90  (  cos2  9  +  x  sin2  9  )  d9  = 

-  [  2  (  x  +  1)  90  -  (  x  -  1  )  sin  2  90  ] 

2 

71  r  7i 

For  half  a  circle  9n  =  —  and  a,  =  —  (x  +  1)  in  which 

2  1  2 

E  Iy 

x  =  —  .  —  and 

G  l‘ 

E  =  modulus  of  elasticity 
G  =  modulus  of  rigidity 


2(1  +  v  ) 


1  1 

v  =  poissons  ratio  =  —  -s-  —  i.e. 

6  5 

E/G  =  2.4 


ly  =  moment  of  inertia  about  y  -  y  = 
I'  .  =  torsion  modulus 


tb 

12 


For  a  rectangular  section  with  —  =  n  >  1  F  =  n\j/b4 

b 

t 

In  the  following  table,  the  values  of  1 {/  are  given  as  a  factor  of  n  =  — 

\) 


- x 


n 

1 

1.5 

2 

3 

4 

6 

8 

10 

X 

¥ 

0.140 

0.196 

0.229 

0.263 

0.281 

0.298 

0.307 

0.312 

0.333 

Therefore  %  =  2.4 


following  table : 


tb 

12 


t\\f  b 


5  9 


and  can  be  extracted  from  the 


n 

1 

1.5 

2 

3 

4 

6 

8 

10 

X 

X 

1.425 

1.020 

0.875 

0.760 

0.711 

0.670 

0.651 

0.640 

0.606  j 

— 
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1  r  a  single  concentrated  Load  P  at  c  we  set : 


Mc  =  -  Pr  . 


X  2 

2  -  (  cos  cp0  - 1  )  +  sin  (p0 

x-i _ 

X  + 1 

2  -  q>0  -  sin  2  cp0 

x-i 


Ma  =  -  —  r  sin  cp0  +  Mc  cos  (p0 

2 


•  :t  =  -  r  (  1  -  cos<p0  ) 
2 

F nr  a  uniform  Load  p/m ' 

X+l 


Mc  sin  cp0 


Mc  =  +  p  r 


2  X-l 


(4  sin  cp0  -  2  cp0)  - 


4  X 
X  -i 


.  cp0.  coscp0  +  sin  2<p0 


X+l 

2  - .cp0  -  sin  2  cp0 

x-i 


Ma  =  -  p  r  (1  -  cos  (p0  )  +  Mccoscp0 
2 

=  pr  .  (cp0  -  sin(p0)  -  Mc  sin  <p0 

If  the  beam  is  a  fixed  cantilever  half  circle,  we  get : 
For  a  sinsle  concentrated  Load  Pat  c  : 


= 


Pr 


p  r  p  r  7c 

Ma  =  -  V  Mfc.  =  —  (  T  -.1) 

7t  2  71  2 


For  two  equal  concentrated  Loads  P  at  e  and  e' 

-2  P  r  T  7c  v  . 

coscpe-(-2 -(pe)  sincpe 


M 


71 


7C 


Ma  =  -  p  rsin  (—  -  cpe)  , 


Mta  = 


2  p  r  7t 

— : -  (—  -  cos  cpe  -  cpe  sin  cpe ) 

7C  2 


For  a  uniform  Load  v/rn 

1 

Mc  =  p  —  (4  -  tc)  =  0.274  pr2 

TL 

Ma  =  -p  r2 

2  7r  4  2 

Mta  =  pr  (---)=  0.3  prZ 
2  % 
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V.2. 1.  Solid  Circular  Plates  Subiecteed  To  Uniform  Load 


Moments  in  circular  slab  with  fixed  edge:- 

~v  1 

M  =  coefT.x  pR 

Positive  sign  indicates  compression  surface  loaded 


at  point 


O.OOR 


0.10R 


0.20R 


0.30R 


0.40R 


0.50R 


0.60R 


0.70R 


0.80R 


0.90R 


1.00R 


Mr 


+.075 


+.073 


+.067 


+.057 


+.043 


+.003 


+.003 


-.023 


-.053 


-.087 


-.125 


Mt 


+.075 


+.074 


+.071 


+.066 


+.059 


+.050 


+.039 


+.026 


+.011 


-.006 


-.025 


:i  1 1 1 1 1  rrrmn-m  n-mm-m-rn 


!  ■/ 


1  !.i  1 1 1  i-rrm-rri  1 1 1  n  ri  l  iTnTTTT 


0.605 


M 


M. 


O 


^ — ' 

I  i  i 

ojo23 

1 

-  0. 

- 

E3  ^ 

Ennuis'" 

| 

1  j 

1 

1 

1 

1 

— rrmrirnTlSllj 

0.022 


rmm 


r-o  p 


2s. 

H 

— i 


ppr 


0.063 


^UUIPP^ 


0.063 


0.033 


I  "-'-LLLLUNI  , 


0.159 


jirMrnrn-TTr^ !  ■^TrrrrrrnTI^ITi  p_ 


Pa3 

D 


V.2.  2.  Solid  Circular  Plates  Subiecteed  To  Single  Edge  Moment 


4/ 


M 


r-o  p 


^ — i 


0.429 


M  =M,  \ 
r  t 


Mg’ 

O 
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Bending  Moment  =  Coeff.  x  pb 


137 


V2.3.  SOLID  CIRCULAR  PLATES  SUBJECTED  TO  RING  LOAD 


^L38- 
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V.2.6.  Circular  Plates  with  circular  hole  subiecteed  to  uniform  load 


0=0.50 


<5  i 


M 


M. 


i  D  —  Op 

'o 

r=ap  j  i 

'  ^  | 

, 

0.005 

“TWCBi 

0.005 

'SJ - 

*0.026  i 

1 

_ 

b=a$,  r=o  p 


o 


i 


0.06 


w*t 


0.07B 


0.04 1 


-*nrH 


Pc' ' 

5 


Pa* 


0.01  J 


0.117 


0.375  0.375 


Nj]] 


W0: 

I 

I 

1 


Pa* 


Pa 


b—a  0 


a 


r=ap 


0=2.00 


H 

i  ii  |  m  1 1| 

!  T=a$  [r=api  ! 


M 


M. 


O 


TP?* - 

- "THj 

0.71  Of. 

0  "4  f 

I 

1 

1 

w 

- ^ 

** 

I 

l 

l 

1 

- 1 - 

• 

i 

i 

-0.116 

F 

1 

1 

1 

0.560'rn 

0.086  jJJ 

♦  0. 065  !  * 

rtf"  for 

Pc* 

i 

i 

l 

nj 

i 

1 

i 

L 

i“ 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

1.50 

* 

Fig *7  \ 

w 

1.50 

i 
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Bending  Moment  =  Coeff.  x  pb 
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V.2.8.  Circular  Plates  with  circular  hole  subiecteed  to  rinz  load 


\ 

^4  »' 

1 

A=£7p  j 

1 

!  U-  a  - 

*  i 

1 

-^rfT \0-<25 

i 

! 

l 

l 

0=2.00 


b=o  0 


2.9 Jj 


M 


+— 

I  f-dj/"  j 


M. 


O 


I — LLLU^ 


OMl 


0.272 


TLHLu\o.2S5 


1.00 


i 

i 

i 

i 

i 

i 

i 

I 

i 

i 

r 

1 

1 

1 

1 

1 

! 

1 

i 

^2  0. 1J5 

|  4 

• 

1 

r 

/.jz?LU 

i 

J*. 

2.990 

t~WZ 

l 

1 

M3 

!  “nBII 

r=ap 


a 


H 


✓rftffl  Paj 


Pa 

D 


Pa 

1.00 

P 


V.2.9.  Circular  Plates  with  circular  hole  subjected  to  edge  moment 


_ 
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0  (M  * 


;  ?  SURFACES  OF  REVOLUTIONS  AND  CYLINDIRICAL  SHELLS 


V.3.1  Internal  Forces  According  to  Membrane  Theory 


ons 


=  radius  normal  to  axis  of  revolution 
any  Circular  ring  at  any 
plane  z  -  z 

=  radius  of  curvature  of  meridian 
=  cross  radius  of  curvature  along 
the  normal  to  axis  of  rotation. 

=  resultant  meridian  force  per 
unit  length  of  circumference 
=  fj.t  where  fi  =  meridian  stress 
in d  t  =  thickness  of  shell 


'  i  =  resultant  ring  force  per  unit  length  of  meridian. 

=  f2.t  where  f2  =  ring  stress. 

=  Horizontal  thrust  of  shell  per  unit  length  of  circumference 
W9  =  Sum  of  vertical  forces  above  z  -  z  (expressed  through  the  angle  cp  ). 

?.  =  Component  of  external  distributed  load  normal  to  surface  of  revolution. 


axis  of  rotation 


The  meridian  force  N9  can  be  given  by  N9  =  W  ,  12  n  r  sin  cp 


.  Ncp 

Anu  the  ring  force  Ne  can  be  calculated  from  the  relation  -  + 

rl 

For  spherical  surface  r!  =  r2  =  a  and  then  :  N«p  +  Ne  =  apr 
For  conical  surface  n  =  oo  and  then  :  Ne  =  a.pr 

V.3.2.  The  Spherical  Dome  : 


5e  _  „ 

Pr 

r2 


The  relation  between  a ,  r  &  y  is  given  by  : 
a  =  (r2  +  y2  )  /2y 

The  surface  area  of  a  spherical  dome  is  : 

A  =  In  a  y  i.e.  it  is  equal 
to  the  surface  area  of  a  cylinder  having 
the  same  radius  R  and  height  y. 


z 

4 


El-Behairy  R.  C.  Design  Handbook  Chapter  -5-  Spherical  Dome 


-145- 


a)  Internal  Forces  and  Reactions  due  to  Dead  Load  e/m2 

The  dead  weight  of  a  dome,  height  y,  and  included  in  a  central  angle  cp  is  given  by  : 
W<p  =  g.A  =  g.2n  a  y  =  g.  27t  a2  (1  -  cos  9  ) 


The  horizontal  thrust  H  = 


The  meridian  force  = 


W, 


<P 


ga  cos  9 
2  7t  r  tan  9  1  +  cos  9 

H  a 


=  ga 


cos  9 


g 


1+cos  9 


=  g 


he  ring  force  N0  =  a .  pr  -  N<p  =  g.a  (C0S9  - 


1+cos  9 

at  the  crown  where  :  9  =  0  ,  cos  9  =  1  and  z  =  a  ,  we  get  : 


a  +  z 

2 

a 

a  +  z 

=  g  (  z 


a 


N<p  =  H  =  g  —  compression  ,  and 

2 

TVT  TT  a 

IN  e  =  H  =  g  —  compression 

at  the  foot  of  half  spherical  domes  where  9  =  90°,  cos  9  =  0  &  z  =  0 
we  get  :  N9  =  g  a  compression  ,  H  =  0  and  Ne  =  -  g  a  tension 

Ne  =  0  when  9  =  51°  49'  or  z  =  0.618a 

,y  =  0.382  a  ,  r  =  0.787  a 
For  N0  =  0  ;  we  get  the  max.  horizontal  thrust 

Hmax  =  0.382  g  a 

The  max.  total  horizontal  thrust  mai  =  2  it  r  Hmax. 

=  2  71  0.787  a  x  0.382  g  a  =  0.3  (2tc  a2  g ) ,  i.e. 

is  equal  to  0.3  the  total  dead  load  on  half  THE 
he  sphere. 

The  meridian  and  ring  forces  of  spherical  domes 
subjected  to  dead  loads  g/m2  is  shown  in  fig.  and 
given  in  the  following  table  : 


ga/2 


4 


c  _ 


N- 


ga 


ga 


<p 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

factor; 

N<p 

.500 

.505 

.516 

.537 

.566 

.608 

.667 

.747 

.838 

1.0 

-ga 

No 

.500 

.480 

.425 

.330 

.200 

.034 

-.167 

-.402 

-.62 

-1.0 

-.Kl 
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Internal  Forces  and  Reactions  due  to  Live  Load  p/m2  On  ( Horizontal  Projection) 


The  total  load  W<p  =  p.  ic.  r2  =  p.  n  a2  sin 2  cp 


W 


The  horizontal  thrust  H  = 


<P 


2  7C  r  tan  cp 
W( 


cos  cp 

p  a - =  p.z/  2 


H  wcp 

The  meridian  forceN^  =  -  =  — : — ; - 

cos  cp  2  tc  r  sin  cp 


=  pa  12  =  const,  (compr.) 


i.e.  the  meridian  forces  due  to  p  are  constant  in  the  dome. 

d(Hr)  pacos  2  cp  p  2  2X 

The  ring  force  Nfl  =  -  -  -  -  — ~  (2z  -  a  ) 

0  ds  2  2  R 

at  the  crown  :  z  =  a  and  then  we  get  N<p  =  Ne  =  p  a/2  compression 

at  the  foot  of  half  spherical  domes  where  z  =  o  ,  we  have  : 

N0  =  -  p  a  /2  tension  and  N«p  =  p  a  12  Compression 

Nq=  0  where  2  z2  =  a2  or  z  =  0.707  a  which  corresponds  to 

cp  =  45°.  i.e.  r  =  z  =  0.707  a 

Introducing  this  value  in  equation  of  H  ,  we  get  : 


Hmax  =  p  z/2  =  0.3535  p  a 

The  max.  total  horizontal  thrust  is  therefore  given  by 

=  2  n  x  0.707  a  x  0.3535  p  a  =  0.5  tc  a2  p 
i.e.  the  max.  total  horizontal  thrust  of 

a  spherical  dome  is  equal  to  half  the  total  live 
loads  on  half  the  sphere. 

The  meridian  and  ring  forces, 

can  accordingly  be  illustrated 
as  shown  in  the  above  figure.  


pa/2  pa/2 

r,  Ts 
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c)  General  Cases  of  Spherical  Domes 


mridian 
Rings 


'normal 


N„  =  Meridian  force/m' 
Ne  =  Ring  force  /m' 

T  =Unit  central  shear 


D.L 

g/m2 


Dead  load  g/m  surface  :  pr  =  g  cos  9  :  T  =  0 

cos  cpn  -  cos  9  cos  (pn  -  cos  (p 

Nq,  =  -  ga - j -  N0  =  §a  ( - 7~T - -coscp 

sin  cp  sin  cp 

For  cp0  =  0  (no  vertex  opening  )  : 

1  1 

N9  =  -  g  a  — - -  ;  N0  =  g  a  ( - coscp) 


1+cos  cp 


1  +  coscp 


Live  Load  p/m  horizontal  pr  =  p  cos  cp  ;  T  =  0 


min  11  ]  i mi i u | 

Pn 


.2  -  2 
a  sin  q>n  a  sin  cp0 

N<p  -  P  -  (1-Tf) ;  n9  =  P-ci — - r1 

2  sin  cp  2  sm  cp 


2cos'  + ; 


L.L. 

p/m2 


3.  3 

For cp0  =  0  :  Ncp=-p—  ;  Nq  =  -p  — -cos2cp 

2  2 


N®  =-?-  (1 
2 


sm2cp0  %   n  —  ia  sin2(po  > 

)  »  Nfl  -  -  p  (4  •>  ) 

2 


q>  *  «  ^  .2  '  ’  *'0 

For cp0  =  0  :  Nq,  =  Nq  =  -  pa/2 


.  2 
sin  9 


4. 


Liquied  press 
pr  =  y  (h  -  a.cos  9  ) 


n9  = 


Ne  = 


2,  h  ,«  s>“29o^  cos3<p0  -  cos3<p 

-T*  Il¥  - 7^21 - 1  ,T~ 

~  3  sin  9 


sm  9 


-ya 


2  3  3 

h  sin  9ftx  a  cos  9n-cos  9 

[|-(1  + - p-)  +-( - - 3cosq>)1 


.2  •> 

sm  9  3 


.  2 
sm  9 


For  90  =  0  ( no  vertex  opening  )  : 


2  ,  h 


N9  =  -  T  a  [  -7^  —  (1  4 


2 

cos  9 


2a 


.2  r  h 


I+C0S9 


)] 


2 

cos  9 


No  =-yaA{  -3—-  cos 9  +  ~  (*  + - ~  )1 

y  2a  3  I+COS9 
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c)  General  Cases  of  Spherical  Domes *  (continu.) 

■  7 "■  !o-W?h 

i— — p— s. 

_'quid  Pressure 
:•.  =  7  (a-h  —a  cos p 

For  points  above  the  liquid  level  :  N<p  =Ne  =0 

For  points  below  the  liquid  level  : 

x,  _  ..  a2rh(  h  ,,  hv  ,  ,,,  2cosZ(p, 

N(p  “7  [  {  2  ( ^  ] 

6  a  a  sin Z(p  a  l+cos(p 

N0  =-  a2. y(l  -  s  (p  --)-  N(p 

a 

-quid  Pressure 
=r  =  7  (a-h  -a  cos?) 

For  points  above  the  liquid  level  : 

N<p  =r-^-(3--)—- 7  ;  n0  =-  y  )  \ 

T  6  a  sin  cp‘  °  6  a  Sui  9  ‘ 

For  points  below  the  liquid  level  : 

a2  3  h  2cos2  (p‘  2  h 

N(p=y  [  -1+  ]  ;  N0  =  7  a  [  -1+  cos9t]-N(p 

T  6  a  1  +  cos  9  ‘  a 

Ed< 

P 

]e  load 
/  m 

N  =.Dsin<Po  .  N  =Dsin(Po 

1>!(p  P  >  ^ ''fi  P  2 

T  sm  cp  u  sin  cp 

For  (p0  =  0  (no  vertex  opening;  Single  load  P  at  the  vertex): 

N<p  =  -  P/2  7t  a  sin2  (p  ;  N e=  P/2  7t  a  sin2  (p 

8 

1^ 

r\i 

a  cos  ©cos  9  r  *  3  3  1 

N<p  =  "  w*  3  .  3  (cos  q>0  -  cos  cp)  -  (cos  90  -  cos  9) 

3  sin  9  L  J 

3  cos  0  r  3  .2  4  1 

N©  =  w. — 3 —  cos  9  (3  cos  90  -  cos  90) - 3  sm  9  -  2cos  9 

sin  9  L  J 

asin0  r  3  3  ] 

T  =  w  3  3(cos90-  cos  9)-  cos  90  -  cos  9 

3sin  9 L  *  J 

For  cp  0  =  0  (no  vertex  opening  )  : 

a  cos  0  cos  9  3 

N9  =  Wo  3  (2-3  cos  9  +cos  9  ) 

sin  9 

a  cos  9  2  4 

N©  =  w.  3  (  2  cos  9  -  3  sin  9  -  2cos  9  ) 

sin  9 

a  sin  0  3 

T  =  w.  3  (  2  -  3  cos  9  +  cos  9  ) 

3  sin  9 

Wind  pressure. 

Pr  =  w.sinpcosp 
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/'  /  Hehairy  R  (\  Design  /farulfeook  Chapter  -5  Shells  of  Revolution 


V3.5.  Conical  Shells 


The  surface  area  of  a  conical  surface,  is  given  by 

s  7  coscp 

=  2  7t  r .  —  =  n  y 

2 


.  2 
sin  cp 


.  he  meridian  force 

Ncp  = 

TTcp 

2  k  r  sin9 

The  ring  force 

Ne  = 

r2  *  Pr 

in  which  ^  =  r 

S 

coscp 
y  .  2 

Wcp 


2  ny  coscp 


sin  cp 


a)  Internal  Forces  due  to  Dead  Load  g/m2  : 

The  dead  weight  of  a  cone,  height  y,  and  included  in  a  central  angle  cp  is  : 

2  coscp 

W(p  =  g  A  =  g  .  n  y1  .  -j  ' 


sin  cp 


The  meridian  force  = 


Wcp 


gray 


coscp 

cnr 

sin  cp, 


gy 


2k  y  coscp 


2  k  y  coscp 


-  .  2 
2  sin  cp 


The  ring  force 


coscp  2 

Ncp  =  r2  Pr  =  y  — T- •  g  C0S9  =  g  y  cot  cp 

sin  cp 


or  N0  =  g 


always  compression 


b)  Internal  Forces  due  to  Live  Load  y/m2  horizontal  Projections  : 

The  live  load  p/m2  (horizontal  Corresponds  to  (p  cos  cp  )  per  meter  square 
surface,  so  that  we  can  determine  N<p  &  Ne  if  we  replace  g  by  p  cos  cp  in  the 
previous  equations,  so  that  : 

3 

y  cos  cp  ,  _  y  cos  cp 

n<p  =  p  t  —  3,1(1  Ne  =  py  ~rr~ 


sin  cp 


sm  cp 
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C)  GENERAL  CASES  OF  CONICAL  SHELLS 

Ns 

l\\  £Vr  Ns  =  Meridian  force  /  m 

^  Pxv^V^  N0  =  Ring force /m 

No  \T  pv 

Ns  y  T  =  Unit  central  shear 


Dead  load  g/m2 
pr  =  g.cos  4> 


INI  |  Ml 


Live  load  p/m  2 
2 

Pr  =  p.COS  43 


Dead  load  g/m  surface  :  pr  =  g.cos  cp 

2  2  2 
s  -  s  o  1  cos  <}) 

Ns  =-  g - •— —  ;  N0=-gs - ;  t  =  o 

2s  sin  (j>  sin  (}> 

For  s0  =  0  (complete  cone )  ; 

,  2. 

s  s.  cos  <b 

;  N0  =  -g 


Ns=-g 


2  sin  4> 


sin 


Live  load  p/m  horizontal :  pr  =  p.cos2  cp 

2  2  2 
T  S  -  S  o  COS  d) 

N  s  =  -  p - cot  <f>  ;  N0  =  -p  s - ;  T  =  o 


2s 


For  s0  =  0  :  Ns  =  -  p.  — .  cot<J>  ; 

2 


sin  4> 


3. 

COS  (}) 

"b  “  '  p-s-  "T— 

sin  <}) 


Normal  pressure  pr  =  p 


2  2 

„  S  -  S  o 

Ns  =  -  p - cot  <j)  ;  Nfl  =  -p  s  cot  <f>  ;  T  =  o 


2s 


Pr  =  P 


For  s0  =  0  :  Ns  =  -  p.  — .  cot  <{>  ;  N0  =  -  p  s  cot  <j> 


Wind  press. 
w/m2 

pr  =  w.sin  4>  .cos  0 


s  Iso  1 

Ns  =  -  w.—  [cos  - - -  (cos  4>  -  - ) 

2  3cos<j>  sZ  cos<}> 

2s3o 

-  — 2 -  ].cos0 

3sz  cos  <j) 

3  3 

S  —So 

N0  =  -  w.s.cos<J>.cos0  ;  T  =  -  w. - ^ —  sin0 

3sZ 

w  s  X 

For  s0  =  0  :  Ns  =  -  —  (cos<j>  -  -  ).cos0 

2  3cos(j> 

s 

N0  =  -  w.s.cos  <}>.cos0  ;  T  =  -  w.—  .sin0 
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4.  INTERNAL  FORCES  IN  PASTE  CONTAINERS. 
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V.3. 7.  CIRCULAR  CYLINDRICAL  SHELL 
( CIRCULAR  PIPE ) 


H 


CD 

CO 

O 

O 

CN 

■ 

d 


CD 
c n 
O 
O 


co 

<N 

i 

d 


CD 

C/5 

o 

o 

CO 

I 


JUn 

cd 


CD 

c/i 

O 

o 

i 

CN 


Cd 


CD 

z 


CD 

■  3 

co 

cd 

d 

■ 


CD 

C 

•  rH 

co 

cd 

d 

I 


CD 

•55 


CD 

C 

'55 


<d 


Cd 


CN 


cd 


CN 


cd 


i 

** 

sa. 

5r 

•« 


•S 

ss 

.1 

*3 


u 

£1 

a 


CD 

£ 

’c/3 

00 

I 

d 

co  I'cd 

d 


CD 

C 

• 

CO^ 

CO 

I 

-1 


co  I  cd 


id 

>■ 


CN ,  cd 

>-l  I  VO 


O 

"+P 

<d 

l-H 

CO 

d 

o 

co 

co 

•  «-H 

O 

CL, 


CD 

a 

'53 

co 

i 

CO  I  "cN 


CN 


cd 

I 


CN 


cd 

?- 

■ 

CD 

C 

•  r* 
00 


CO 

I 

CO  I  CN 


co 

T3 

cd 

O 


04 

I 

CL 

X) 

cd 

o 

hJ 


CD 

•  3 

CO 

CL 


P-c 


ID 

*3 

CO 

CO 

ID 

c-< 

Cu 

T3 

'3 

c r 


CD 

.3 

co 

cd 

I 

d 

I 


V— 

cx 


rd 
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VL1.  Ring  Tension  and  Bending  Moments  in  Open  Circular  Tanks 

With  Walls  Fixed  at  Bottom  due  To  Triangular  Load 


a.  Ring  Tension  :  T  =  Co.  W. H  R;  Where  :  Co  =  v.  — 

Y  t 

W  =  Weight  of  Liquid  /  m3 


b.  Bending  Moment :  M  =  ( 


d2  y  k  t3 


x 


d20  3 


)■ 


R2.t2w 

12H 


P- 


R2.t2.w 
12H 
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VI. 2.  Values  Of  Maximum  Ring  -  Tension  and  its  Position  For 
Circular  Tanks 

t,n„  =  Co  •  P.  /m,X'  =  C.  Hms  (  by  W  .  S  .  Gray  ) 


VI. 3.  Simplified  Method  For  Detrmining  the  Fixing  Moment,  the 
Shearing  Force  and  the  Thickness  Of  the  Wall  at  Base 

(  by  .Prof.  Dr  .  M  .  Hilal ) 


|A| 


✓ 


3-* 


ti 

it 


v.H.D.t 

hr*'~c - 

1  2 
C..w.B 

Qoax---— 

tnqx“C>’v*n*n 

w-  weight  of 
liquid/n3 


*A 


a  i  *  v  s.s  0  i  /  / 


FI/R2 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.1 

0.08 

0.06 

0.04 

0.02 

0.01 

n 

16.4 

15.2 

13.9 

12.5 

10.9 

9.00 

6. .50 

4.77 

4.32 

3.82 

3.26 

2.46 

1.93 

Cl 

7.40 

7.44 

7.49 

7.55 

7.65 

7.82 

8.22 

8.80 

9.04 

9.4 

10.1 

11.7 

14.4 

C2 

.118 

.127 

.138 

.154 

.175 

.211 

.284 

.375 

.409 

.455 

.525 

.646 

.769 

C3 

.800 

.895 

.890 

.882 

.870 

.852 

.812 

.756 

.736 

.708 

.663 

.570 

.462 
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b-  Moment  in  cylindrical  wall 


r  i  ample 


//V  D  t  -  10 


Positive  sign  indicates  tension  in  the  outside 


Fixed  base  ,  Free  top 


Hinged  base  ,  Free  top 


T3 

CO 

O 


TO 

■g 

'o 

N 

<D 

Cl 

CO 


M 


Table  VII 


coeff.  x  w  H' 


Table  VIII 


0.0000 

0.0000 

.  0.0000 

. - 0.0002 

--  -o.ooot 

-  0.0002 

.  0.00 11 

.  0.0025 

— -  0.0043 
-  \0.0d4C\ 

0.0000 


M  =  coeff.  x  (w  H3+  p  H2) 


3 

3) 


J 

O 


Fixed  base  ,  Free  tap 


Table  IX 


M  =  coeff.  x  p  H 


^777777 


Hinged  base  .  Free  top 

0.0  H 

0.1  H 

..-  0.0000 

...  0.0000 

0.3  H 

■—.—0.0002 

0.5  H 

.  0.0002 

0.7  H 

....  0.0025 

0.9  H 

1.0  H  J 

— J  —  1 0.0045 
0.0000 

Triangular  load 


Trapezoidal  load 


H 


1 - 1 

H 

* — 

H 

j 

L 

0.0  H 

- 0.000 

0.1  H 

- 0.000 

0.2  U 

-  — - 0.002 

0.3  U 

- 0.009 

0.4  U 

- -0.028 

0.5  H 

—  -0.053 

0.6  H 

....  - 0.067 

0.7  U 

- -0.031 

o.8  a 

^  - 0.123 

0.9  H 

\  0.467 

u  ^ 

L - \ - l/.OOQl 

M  =  coeff.  x  V  H 


M  =  coeff.  x  M 


Table  X 


Table  XI 


Shear  per  m,  V,  applied  at  top 


Moment  per  m,  M,  applied  at  base 
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V.I  Portland  Association  Tables  : 


RING  TENSION  &  MOMENTS  IN  CIRCULAR  TANKS 


LOADING 


END  COND. 


RING  TENSION 


TABLE 


T=coeff.x 


F.  E.  MOMENTS 


TABLE 


T=coeff.x 


*— R— { _ ff-  T 


Fixed  Base 
Hinged  Base 


I 

II 


w.H.R 

w.H.R 


VII 


w.H ' 


wH  ‘  wH 


R  -i  u-T 


Fixed  Base 
Hinged  Base 


III 

IV 


p.R 

p.R 


IX 


p.H 


PMR_|u_T 


:  P 


Hinged  Base 


VIII 


w.H3  +  p.H2 


—  TT  .  'Tti*h 

wH  i  wH 


V  t/m  |  v  t/m 


-RH 


Fixed  Base 


v.R/H 


X 


v.H 


I. 


R-t  *T 


0  G 


Hinged  Base 


VI 


M.R/H* 


XI 


M 


M  '  M 


SHEAR  AT  BASE  OF  CYLINDERICAL  WALL  :  [TABLE  XII] 

2 


1-  Triangular  Load 

2-  Rectangular  Load 

3-  Moment  at  Base 


•w.H 

p.H 

M/H 


El—Behairy  R.C.  Design  Handbook  Chapter  (6)  ( Cir .  Tanks) 


166 


Tible  I  :  Tension  in  circular  rings 
Triangular  Load 
Fixed  base,  free  top 
T  =  coeff.  *  >vHR 
Positive  sign  indicates  tension 


A 


r 


+ 


As 


\ 


IT 

Coefficients  at 

point 

Dt 

0.0H 

0.1H 

0.2H 

0.3H 

0.4H 

0.5H 

0.6H 

0.7H 

0.8H 

0.9H 

0.4 

+  0.149 

+  0.134 

+  0.120 

+  0.101 

+  0.082 

+  0.066 

+  0.049 

+0.029 

+0.014 

+0.004 

.  8 

+  0.263 

+  0.239 

+  0.215 

+  0.190 

+  0.160 

+  0.130 

+  0.096 

+0.063 

+0.034 

+0.010 

1.2 

+  0.283 

+  0.271 

+  0.254 

+  0.234 

+  0.209 

+  0.180 

+  0.142 

+0.099 

+0.054 

+0.016 

1.6 

+  0.265 

+  0.268 

+  0.268 

+  0.266 

+  0.250 

+  0.226 

+  0.185 

+0.134 

+0.075 

+0.023 

2.0 

+  0.234 

+  0.251 

+  0.273 

+  0.285 

+  0.285 

+  0.274 

+  0.232 

+0.172 

+0.104 

+0.031 

3.0 

+  0.134 

+  0.203 

+  0.267 

+  0.322 

+  0.357 

+  0.362 

+  0.330 

+0.262 

+0.157 

+0.052 

4.0 

+  0.067 

+  0.164 

+  0.256 

+  0.339 

+  0.403 

+  0.429 

+  0.409 

+0.334 

+0.210 

+0.073 

5.0 

+  0.025 

+  0.137 

+  0.245 

+  0.346 

+  0.428 

+  0.477 

+  0.469 

+0.398 

+0.259 

+0.092 

6.0 

+  0.018 

+  0.119 

+  0.234 

+  0.344 

+  0.441 

+  0.504 

+  0.514 

+0.447 

+0.301 

+0.112 

8.0 

-0.011 

+  0.104 

+  0.218 

+  0.335 

+  0.443 

+  0.534 

+  0.575 

+0.530 

+0.381 

+0.151 

10. 

-0.011 

+  0.098 

+  0.208 

+  0.323 

+  0.437 

+  0.542 

+  0.608 

+0.589 

+0.440 

+0.179 

12. 

-  0.005 

+  0.097 

+  0.202 

+  0.312 

+  0.429 

+  0.543 

+  0.628 

+0.633 

+0.494 

+0.211 

14. 

-  0.002 

+  0.098 

+  0.200 

+  0.306 

+  0.420 

+  0.539 

+  0.639 

+0.666 

+0.541 

+0.241 

16. 

0.000 

+  0.099 

+  0.199 

+  0.304 

+  0.412 

+  0.531 

+  0.641 

+0.687 

+0.582 

+0.265 

Table  II:  Tension  in  circular  rings 
Triangular  Load 
Hinged  base,  free  top 
T  =  coeff.  *  wHR 
Positive  sign  indicates  tension 


—  R  — 

H 

i 

H 

| 

J 

.Wh 

1 

2 

H l 

Coefficients  at  point 

Dt 

0.0H 

0.1H 

0.2H 

0.3  H 

0.4H 

0.5H 

0.6H 

0.7H 

0.8H 

0.9H 

0.4 

+  0.474 

+  0.440 

+  0.395 

+  0.352 

+  0.308 

+0.264 

jH).215 

+0.165 

+0.111 

+0.057 

0.8 

+  0.423 

+  0.402 

+  0.381 

+  0.358 

+  0.330 

+0.297 

+0.249 

+0.202 

+0.145 

+0.076 

1.2 

+  0.350 

+  0.355 

+  0.361 

4-0.362 

+  0.358 

+0.343 

+0309 

+0.256 

+0.186 

+0.098 

1.6 

+  0.271 

+  0.303 

+  0.341 

+  0.369 

+  0.385 

+0.385 

+0.362 

+0.314 

+0.233 

+0.124 

2.0 

+  0.205 

+  0.260 

+  0.321 

+  0.373 

+  0.411 

+0.434 

+0.419 

+0.369 

+0.280 

+0.151 

3.0 

+  0.074 

+  0.179 

+  0.281 

+  0.375 

+  0.449 

+0.506 

+0.519 

+0.479 

+0.375 

+0.210 

4.0 

+  0.017 

+  0.137 

+  0.253 

+  0.367 

+  0.469 

+0.545 

+0.579 

+0.553 

+0.447 

+0.256 

5.0 

-  0.008 

+  0.114 

+  0.235 

+  0.356 

+  0.469 

+0.562 

+0.617 

+0.606 

+0.503 

+0.294 

6.0 

-  0.011 

+  0.103 

+  0.223 

+  0.343 

+  0.463 

+0.566 

+0.639 

+0.643 

+0.547 

+0.327 

8.0 

-  0.015 

+  0.096 

+  0.208 

+  0.324 

+  0.443 

+0.564 

+0.661 

+0.697 

+0.621 

+0.386 

10. 

-  0.008 

+  0.095 

+  0.200 

+  0.311 

+  0.428 

+0.552 

+0.666 

+0.730 

+0.678 

+0.433 

i  12. 

-  0.002 

+  0.097 

+  0.197 

+  0.302 

+  0.417 

+0.541 

4-0.664 

+0.750 

+0.720 

+0.477 

14. 

-  0.000 

+  0.098 

+  0.197 

+  0.299 

+  0.408 

+0.531 

+0.659 

+0.761 

+0.752 

+0.513 

16.  ' 

+  0.002 

+  0.100 

+  0.198 

+  0.299 

+  0.403 

+0.521 

+0.650 

+0.764 

+0.776 

+0.536 

El-Behairy  R.C.  Design  Handbook  Chapter  (6 )  Circular  Tanks 


167 


-168- 


7::le  V  :  Tension  in  circular  rings 

Shear  per  m,V,  applied  at  top 
Fixed  base,  free  top 
T  =  coff.  *  VR/H 
Positive  sign  indicates  tension 


1 


t_ 


yt/m 


Hi 


Dt 

0.0H 

0.1H 

0.2H 

0.3H 

0.4H 

0.5H 

0.6H 

0.7H 

0.8H 

0.9H 

I  0.4 

-  1.57 

-  1.32 

-  1.08 

-0.86 

-0.65 

-0.47 

-0.31 

-0.18 

-0.08 

-0.02 

0.8 

-3.09 

-2.55 

-2.04 

-1.57 

-1.15 

-0.80 

-0.51 

-0.28 

-0.13 

-0.03 

12 

-3.95 

-3.17 

-2.44 

-1.79 

-1.25 

-0.81 

-0.48 

-0.25 

-0.10 

-0.02 

1.6 

-4.57 

-3.54 

-2.60 

-1.80 

-  1.17 

-0.69 

-0.36 

- 

0.16 

-0.05 

-0.01 

2.0 

-5.12 

-3.83 

-2.68 

-1.74 

-1.02 

-0.52 

-0.21 

- 

0.05 

+  0.01 

+  0.01 

3.0 

-6.32 

-4.37 

-2.70 

-  1.43 

-0.58 

-0.02 

+  0.15 

+  0.19 

+  0.13 

+  0.04 

4.0 

-7.34 

-4.73 

-2.60 

-1.10 

-0.19 

+  0.26 

+  0.38 

+  0.33 

+  0.19 

+  0.06 

5.0 

-8.22 

-4.99 

-2.45 

-0.79 

+  0.11 

+  0.47 

+  0.50 

+  0.37 

+  0.20 

+  0.06 

6.0 

-9.02 

-5.17 

-2.27 

-0.50 

+  0.34 

+  0.59 

+  0.53 

+  0.35 

+  0.17 

+  0.01 

8.0 

-  10.42 

-5.36 

-  1.85 

-0.02 

+  0.63 

+  0.66 

+  0.46 

+  0.24 

+  0.09 

+  0.01 

10. 

-11.67 

-5.43 

-1.43 

+  0.36 

+  0.78 

+  0.62 

+  0.33 

+  0.12 

+  0.02 

0.00 

12. 

-  12.76 

-5.41 

-1.03 

+  0.63- 

+  0.83 

+  0.52 

+  0.21 

+  0.04 

-0.02 

0.00 

14.' 

-13.77 

-5.34 

-0.68 

+  0.80 

+  0.81 

+  0.42 

+  0.13 

0.00 

-0.03 

-0.01 

16. 

-14.74 

-5.22 

-0.33 

+  0.96 

+  0.76 

+  0.32 

+  0.05 

0.04 

-0.05 

-0.02 

Table  VI  :  Tension  in  circular  rings 

— R  — 

t- 

Vi/ m 

Moment  Per  m,M,  applied  at  base 

| 

Hinged  base,  free  top 

H 

1 

=  coff 

.  *  MR/H2 

1 

i 

|— * 

) - 

Positive  sign  indicates  tension 

-U 

I — 

c 

V 

Coefficients 

at  point 

Dt 

0.0H 

0.1H 

0.2H 

0.3H 

0.4H 

0.5H 

0.6H 

0.7H 

0.8H 

0.9H 

0.4 

+  2.70 

+2.50 

+  2.30 

+  2.12 

+1.91 

+  1.69 

+  1.41 

+  1.13 

+  0.80 

+0.44 

0.8 

+  2.02 

+  2.06 

+  2.10 

+  2.14 

+  2.10 

+  2.02 

+  1.95 

+  1.75 

+  1.39 

+0.80 

1.2 

+  1.06 

+  1.42 

+  1.79 

+  2.03 

+  2.46 

+  2.65 

+  2.80 

+  2.60 

+  2.22 

+1.37 

1.6 

+  0.12 

+  0.79 

+  1.43 

+  2.04 

+  2:72 

+  3.25* 

+  3.56. 

+  3.59 

+  3.13 

+2.01 

2.0 

-0.68 

+  0.22 

+  1.10 

+  2.02 

+  2.90 

+  3.69 

+  4.30 

+  4.54 

+  4.08 

+2.75 

3.0 

-1.78 

-0.71 

+  0.43 

+  1.60 

+  2.95 

+  4.29 

+  5.66 

+  6.58 

+  6.55 

+4.73 

4.0 

-1.87 

-1.00 

-0.08 

+  1.04 

+  2.47 

+  4.31 

+  6.34 

+  8.19 

+  8.82 

+6.81 

5.0 

-1.54 

-1.03 

-0.42 

+  0.45 

+  1.86 

+  3.93 

+  6.60 

+  9.41 

+11.0 

+  9.02 

6.0 

-1.04 

-0.86 

-0.59 

-0.05 

+  1.21 

+  3.34 

+  6.54 

+  10.2 

+13.0 

+11.4 

8.0 

-0.24 

-0.53 

-0.73 

-0.67 

-0.02 

+  2.05 

+  5.87 

+  11.3 

+16.5 

+6.06 

10. 

+  0.21 

-0.23 

-0.64 

-  0.94 

-0.73 

+  0.82 

+  4.79 

+  11.6 

+19.4 

+20.8 

12. 

+  0.32 

-0.05 

-0.46 

-0.96 

-1.15 

-0.18 

+  3.52 

+  11.2 

+21.8 

+25.7 

14. 

+  0.26 

+  0.04 

-0.28 

-0.76 

-  1.29 

-0.87 

+  2.29 

+  10.5 

+23.5 

+30.3 

16. 

+  0.22 

+  0.07 

-0.08 

-0.64 

-1.28 

-1.30 

+  1.12 

+  9.67 

+24.5 

+34.6 
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Vl) 


Table  VII 

U  // L 
Lt\  J  ' 


',c/r~ 


-X  ,J  'CV 


Moments  in  cylindrical  wall 
Triangular  Load 
Fixed  base,  free  top 
Mom.  =  coeff .  */wH3 


Positive  sign  indicates  tension  in  the  outside. 


U/|i 


J\ 


(./O 


^ ) 


H- 


Coefficients  at  point 


Dt 

0.1H 

0.21H 

0.3H 

0.4H 

0.5H 

0.6H 

0.7II 

0.8H 

0.9H 

1.0H 

0.4 

+.0005 

+.0014 

+.0021 

+.0007 

-.0042 

-.0150 

-  .0302 

-.0529 

-.0816 

-.1205 

0.8 

+.0011 

+.0037 

+.0063 

+.0080 

+.0070 

+.0023 

-  .0068 

-.0224 

-.0465 

-.0795 

1.2 

+.0012 

+.0042 

+.0077 

+.0103 

+.0112 

+.0090 

+.0022 

-.0108 

-.0311 

-.0602 

1.6 

+.0011 

+.0041 

+.0075 

+.0107 

+.0121 

+.0111 

+.0058 

-.0051 

-.0232 

-0505 

2.0 

+.0010 

+.0035 

+.0068 

+.0099 

+.0120 

+.0115 

+.0075 

-.0021 

-.0185 

-.0436 

3.0 

+.0006 

+.0024 

+.0047 

+.0071 

+.0090 

+.0097 

+.0077 

+.0012 

-.0119 

-.0333 

4.0 

+.0003 

+.0015 

+.0028 

+.0047 

+.0066 

+.0077 

+.0069 

+.0023 

-.0080 

-.0268 

5.0 

+.0002 

+.0008 

+.0016 

+.0029 

+.0046 

+.0059 

+.0059 

+.0028 

-.0058 

-.0222 

6.0 

+.0001 

+.0003 

+.0008 

+.0019 

+.0032 

+.0046 

+.0051 

+.0029 

-.0041 

-.0187 

8.0 

.0000 

+.0001 

+.0002 

+.0008 

+.0016 

+.0028 

+.0038 

+.0029 

-.0022 

-.0146 

10. 

.0000 

.0000 

+.0001 

+.0004 

+.0007 

+.0019 

+.0029 

+.0028 

-.0012 

-.0122 

12. 

.0000 

.0001 

+.0001 

+.0002 

+.0003 

+.0013 

+.0023 

+.0026 

-.0005 

-.0104 

14. 

.0000 

.0000 

.0000 

.0000 

+.0001 

+.0008 

+.0019 

+.0023 

-.0001 

-.0090 

16. 

.0000 

.0000 

-.0001 

-.0002 

-.0001 

+.0004 

+.0013 

+.0019 

+.0001 

-.0079 

Table  VJII  :  Moments  in  cylindrical  wall 
Trapezoidal  Load 
Hinged  base,  free  top 
Mom.  =  coeff .  *(  wH3  +  pH^  ) 

Positive  sign  indicates  tension  in  the  outside. 


aT 

Coefficient 

ts  at  point 

Dt 

0.1H 

0.21H 

0.3H 

0.4H 

0.5H 

0.6H 

0.7H 

0.8H 

0.9H 

1.0H 

0.4 

+.0020 

+.0072 

+  .0151 

+  .0230 

+  .0301 

+.0348 

+.0357 

+.0312 

+.0197 

0 

0.8 

+.0019 

+.0064 

+  .0133 

+  .0207 

+  .0271 

+.0319 

+.0329 

+.0292 

+.0187 

0 

1.2 

+.0016 

+.0058 

+  .0111 

+  .0177 

+  .0237 

+.0280 

+.0296 

+.0263 

+.0171 

0 

1.6 

+.0012 

+.0044 

+  .0091 

+  .0145 

+  .0195 

+.0236 

+.0255 

+.0232 

+.0155 

0 

2.0 

+.0009 

+.0033 

+  .0073 

+  .0114 

+  .0158 

+.0199 

+.0219 

+.0205 

+.0145 

0 

3.0 

+.0004 

+.0018 

+  .0040 

+  .0063 

+  .0092 

+.0127 

+.0152 

+.0153 

+.0111 

0 

4.0 

+.0001 

+.0007 

+  .0016 

+  .0033 

+  .0057 

+.0083 

+.0109 

+.0118 

+.0092 

0 

5.0 

.0000 

+.0001 

+  .0006 

+  .0016 

+  .0034 

+.0057 

+.0080 

+.0094 

+.0078 

0 

6.0 

.0000 

.0000 

+  .0002 

+  .0008 

+  .0019 

+.0039 

+.0062 

+.0078 

+.0068 

0 

8.0 

.0000 

.0000 

-  .0002 

.0000 

+  .0007 

+.0020 

+.0038 

+.0057 

+.0054 

0 

10. 

.0000 

.0000 

-  .0002 

-.0001 

+  .0002 

+.0011 

+.0025 

+.0043 

+.0045 

0 

12. 

.0000 

.0000 

-.0001 

-  .0002 

.0000 

+.0005 

+.0017 

+.0032 

+.0039 

0 

14. 

.0000 

.0000 

-  .0001 

-  .0001 

-  .0001 

.0000 

+.0012 

+.0026 

+.0033 

0 

16. 

.0000 

.0000 

.0000 

-  .0001 

-  .0002 

-  .0004 

+.0008 

+.0022 

+.0029 

0 
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Table  IX  :  Moments  in  cylindrical  wall 

Rectangular  Load 
Fixed  base,  free  top 

Mom.  =  coeff.  *  pH2 
Positive  sign  indicates  tension 

in  the  outside 


Coefficients 

at  point 

Dt 

0.1H 

0.21H 

0.3H 

0.4H 

0.5H 

0.6H 

0.7H 

0.8H 

0.9H 

1.0H 

0.4 

-.0023 

- .0093 

-  .0227 

-  .0439 

-  .0710 

-.1018 

-.1455 

-  .2000 

-  .2593 

-.3310 

0.8 

.0000 

- .0006 

-.0025 

-.0083 

-.0185 

- .0362 

-  .0594 

-  .0917 

-.1325 

-.1835 

\2 

+.0008 

+.0026 

+  .0037 

+  .0029 

- .0009 

- .0089 

-  .0227 

-  .0468 

-.0815 

-.1178 

1.6 

+.0011 

+.0036 

+  .0062 

+  .0077 

+  .0068 

+.0011 

-  .0093 

-  .0267 

-  .0529 

-  .0876 

2.0 

+.0010 

+.0036 

+  .0066 

+  .0088 

+  .0089 

+.0059 

-  .0019 

-  .0167 

-  .0389 

-  .0719 

3.0 

+.0007 

+.0026 

+  .0051 

+  .0074 

+  .0091 

+.0083 

+.0042 

-  .0053 

-  .0223 

-  .0483 

4.0 

+.0004 

+.0015 

+  .0033 

+  .0052 

+  .0068 

+.0075 

+.0053 

-.0013 

-  .0145 

-  .0365 

5.0 

+.0002 

+.0008 

+  .0019 

+  .0035 

+  .0051 

+.0061 

+.0052 

+.0007 

-.0101 

-  .0293 

6.0 

+.0001 

+.0004 

+  .0011 

+  .0022 

+  .0036 

+.0049 

+.0048 

+.0017 

-  .0073 

-  .0242 

8.0 

.0000 

+.0001 

+  .0003 

+ 

+  .0018 

+.0031 

+.0038 

+.0024 

-  .0040 

-.0184 

.0008 

10. 

.0000 

-.0001 

.0000 

+  .0002 

+  .0009 

+.0021 

+.0030 

+.0026 

-  .0022 

-4)147 

12. 

.0000 

.0000 

-  .0001 

.0000 

+  .0004 

+4)014 

+.0024 

+.0022  . 

. - .0012 

-.0123 

14. 

.0000 

.0000 

.0000 

.0000 

+  .0002 

+.0010 

+.0018 

'  +.0021 

-.0007 

-.0105 

16. 

.0000 

.0000 

.0000 

-.0001 

+  .0001 

+.0006 

+.0012 

+.0020 

-  .0005 

-.0091 

Table  X  : 

Moments  in  cylindrical  wall 

Vt/m 

—  R  — 

V 

Shear  per  m,V, 

applied  at  top 

T 

I 

Fixed  base,  free  top 

H* 

1 

Mom.  = 

=  coeff.  * 

VH 

1 

• 

Positive  sign  indicates  tension 

1. 

. 

in  the  outside 

- 1 

)- 

h i 

Coefficients  at  point 

Dt 

0.1H 

0.21H 

0.3H 

0.4H 

0.5H 

0.6H 

0.7H 

0.8H 

0.9H 

1.0H 

0.4 

+0.093 

+  .172 

+  0.240 

+  0.300 

+  0.354 

+0.402  , 

+0.448 

+0.492 

+0.535 

+0.578 

0.8 

+0.085 

+0.145 

+  0.185 

+  0.208 

+  0.220 

+0.224 

+0.223 

+0.219 

+0.214 

+0.208 

1.2 

+0.082 

+0.132 

+  0.157 

+  0.164 

+  0.159 

+0.145 

+0.127 

+0.106 

+0.084 

+0.062 

1.6 

+0.079 

+0.122 

+  0.139 

+  0.138 

+  0.125 

+0.105 

+0.081 

+0.056 

+0.030 

+0.004 

2.0 

+0.077 

+0.115 

+  0.126 

+  0.119 

+  0.103 

+0.080 

+0.056 

+0.031 

+0.006 

-  0.019 

3.0 

+0.072 

+0.100 

+  0.100 

+  0.086 

+  0.066 

+0.044 

+0.025 

+0.006 

-  0.010 

-  0.024 

4.0 

+0.068 

+0.088 

+  0.081 

+  0.063 

+  0.043 

+0.025 

+0.010 

-  0.001 

-  0.010 

-0.019 

5.0 

+0.064 

+0.078 

+  0.067 

+  0.047 

+  0.028 

+0.013 

+0.003 

-  0.003 

-  0.007 

-  0.011 

6.0 

+0.062 

+0.070 

+  0.056 

+  0.036 

+  0.018 

+0.006 

0.000 

-  0.003 

-  0.005 

-  0.006 

8.0 

+0.057 

+0.058 

+  0.041 

+  0.021 

+  0.007 

0.000 

-  0.002 

-  0.003 

-  0.002 

-  0.001 

10. 

+0.053 

+0.049 

+  0.029 

+  0.012 

+  0.002 

-  0.002 

-  0.002 

-  0.002 

-  0.001 

0.000 

12. 

+0.049 

+0.042 

+  0.022 

+  0.007 

0.000 

-  0.002 

-  0.002 

-  0.001 

0.000 

0.000 

14. 

+0.046 

+0.036 

+  0.017 

+  0.004 

-  0.001 

-  0.002 

-  0.001 

-  0.001 

0.000 

0.000 

16. 

40.044 

+0.031 

+  0.012 

+  0.001 

-  0.002 

-  0.002 

-  0.001 

0.000 

0.000 

0.000 
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Table  XI  :  Moments  in  cylindrical  wall 

Moment  Per  m,  M,  applied  at  base 
Hinged  base,  free  top 
Mom.  =  coeff.  *  M 
Positive  sign  indicates  tension 
in  outside 


Vt/m 


H2 

Coefficients  at  point 

Dt 

0.1H 

0.21H 

0.3H 

0.4H 

0.5H 

0.6H 

0.7H 

0.8H 

0.9H 

1.0H 

0.4 

+  .013 

+  .051 

+  .109 

+  .196 

+  .296 

+  .414 

+  .547 

+  .692 

+  .843 

1 

0.8 

+  .009 

+  .040 

+  .090 

+  .164 

+  .253 

+  .375 

+  .503 

+  .659 

+  .824 

1 

1.2 

+  .006 

+  .027 

+  .063 

+  .125 

+  .206 

+  .316 

+  .454 

+  .616 

+  .802 

1 

1.6 

+  .003 

+  .011 

+  .035 

+  .078 

+  .152 

+  .253 

+  .393 

+  .570 

+  .775 

1 

2.0 

-.002 

-.002 

+  .012 

+  .034 

+  .096 

+  .193 

+  .340 

+  .519 

+  .748 

1 

3.0 

-.007 

-.022 

-.030 

-.029 

+  .010 

+  .087 

+  .227 

+  .426 

+  .692 

1 

4.0 

-.008 

-.026 

-.044 

-.051 

-.034 

+  .023 

+  .150 

+  .354 

+  .645 

1 

5.0 

-.007 

-.024 

-.045 

-.061 

-.057 

-.015 

+  .095 

+  .296 

+  .606 

1 

6.0 

-.005 

-.018 

-.040 

-  .058 

-.065 

-.037 

+  .057 

+  .252 

+  .572 

1 

8.0 

-.001 

-.009 

-.022 

-.044 

-.068 

-.062 

+  .002 

+  .178 

+  .515 

1 

10. 

0 

-.002 

-.009 

-.028 

-.053 

-  0.067 

-  .031 

+  .123 

+  .467 

1 

12. 

0 

-.000 

-  .003 

-.016 

-.040 

-.064 

-.049 

+  .081 

+  .424 

1 

14. 

0 

0 

0 

-.008 

-.029 

-.059 

-.060 

+  .048 

+  .387 

1 

16. 

•  0 

0 

+  .002 

-.003 

-.021 

-.051 

-.066 

+  .025 

+  .354 

1 

Table  XII  :  Shear  at  base  of  cylindrical  wall 


V  =  coef.  *  { 


wH2  ( triangularj, 

pH  ( rectangular ) 

M/H  (  mom.  at  base ) 


4-  v^ 


Positive 


H2 

W 

- - _  _ _ 

Triangular  Load, 
fixed  base 

Rectangular  Load, 
fixed  base 

Triangular  or  Rectangular 

Load,  hinged  base 

Moment  at 

edge 

0.4 

+  0.436 

+  0.755 

+  0.245 

-1.58 

0.8 

+  0.374 

+  0.552 

+  0.234 

-1.75 

1.2 

+  0.339 

+  0.460 

+  0.220 

-2.00 

1.6 

+  0.317 

+  0.407 

+  0.204 

-2.28 

2.0 

+  0.299 

+  0.370 

+  0.189 

-2.57 

3.0 

+  0.262 

+  0.310 

+  0.158 

-3.18 

4.0 

+  0.236 

+  0.271 

+  0.137 

-3.68 

5.0 

+  0.213 

+  0.243 

+  0.121 

-4.10 

6.0 

+  0.197 

+  0.222 

+  0.110 

-4.49 

8.0 

+  0.174 

+  0.193 

+  0.096 

-5.18 

10 

+  0.158 

+  0.172 

+  0.087 

-5.81 

12 

+  0.145 

+  0.158 

+  0.079 

-6.38 

14 

+  0.135 

+  0.147 

+  0.073 

-6.88 

16 

+  0.127 

+  0.137 

+  0.068 

-7.36 
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'e  XIII  .Supplementary  coeff.  for  values  of  /  Dt  Greater  than  16  *: 


(Extension  of  Tables  I  toXII ) 


±- 

Goeff.  at  point 

Coeff.  at  point 

[k 

Table  I 

Table  II 

.75H 

80H 

.85H 

.90H 

.95H 

.75H 

.80H 

.85H 

.90H 

.95H 

L 

. 

+0.716 

+0.654 

+0.520 

+0.325 

+0.115 

+0.812 

+  0.817 

+  0.756 

+0.603 

+  0.344 

■  m 

+0.746 

+0.702 

+0.577 

+0.372 

+0.137 

+0.816 

+  0.839 

+  0.793 

+0.647 

+  0.377 

2 

+0.782 

+0.768 

+0.663 

+0.459 

+0.182 

+0.814 

+  0.861 

+  0.847 

+0.271 

+  0.436 

1  ^ 

+0.800 

+0.805 

+  0.731 

+0.530 

+0.217 

+0.802 

+  0.866 

+  0.880 

+0.778 

+  0.483 

+0.791 

+0.828 

+  0.785 

+0.593 

+0.254 

+0.791 

+  0.864 

+  0.900 

+0.820 

+  0.527 

L  ^ 

+0.763 

+0.838 

+  0.824 

+0.636 

+0.285 

+0.781 

+  0.859 

+  0.911 

+0.852 

+  0.563 

Table  III 

Table  IV 

•75H 

.80H 

.85H 

.90H 

.95H 

•75H 

.80H 

.85H 

.90H 

.95H 

+0.949 

+0.825 

+0629 

+0.379 

+0128 

+1.062 

+1.017 

+0.906 

+0.703 

+  0.394 

1  24 

+0.986 

+0.879 

+0.694 

+0.430 

+0.149 

+1.066 

+1.039 

+0.943 

+0.747 

+  0.427 

I  ^ 

+1.026 

+0.953 

+0.788 

+0.519 

+0.189 

+1.064 

+1.061 

+0.997 

+0.821 

+  0.486 

1  ^ 

+1.040 

+0.996 

+  0.859 

+0.591 

+0.226 

+1.052 

+1.066 

+1.030 

+0.878 

+  0.533 

1  ^ 

+1.043 

+1.022 

+  0.911 

+0.652 

+0.262 

+1.041 

+1.064 

+1.050 

+0.920 

+  0.577 

II  ^ 

+1.040 

+1.035 

+  0.949 

+0.705 

+0.294 

+1.021 

+ 1.059 

+ 1.061 

+0.952 

+  0.613 

Table  V 

Table  VI 

.00H 

.05H 

.10H 

.15H 

.2011 

.75H 

.80H 

.85H 

.90H 

•95H 

20 

-16.44 

-9.98 

-4.90 

-1.59 

+0.22 

+15.30 

+25.9 

+36.9 

+43.3 

+  35.3 

24 

-18.04 

-10.34 

-4.54 

-1.00 

+0.68 

+13.20 

+25.9 

+40.7 

+51.8 

+  45.3 

32 

-20.84 

-10.72 

-3.70 

-0.04 

+1.26 

+  8.10 

+23.2 

+45.9 

+65.4 

+  63.6 

:  40 

-23.34 

-10.86 

-2.86 

+0.72 

+1.56 

+  3.28 

+19.2 

+46.5 

+77.9 

•  +83.5 

4S 

-15.52 

-10.82 

-2.06 

+1.26 

+1.66 

-0.70 

+14.1 

+45.1 

+87.2 

+103.0 

!  56 

-  27.54 

-10.68 

-1.36 

+1.60 

+1.62 

-3.40 

+9.2 

+42.2 

+94.0 

+121.0 

Table  VII 

Table  VIII 

.80H 

■85H 

.90H 

.95H 

1.00H 

.75H 

.80H 

.8511 

.90H 

.95H 

20 

+.0015 

+.0014 

+.0005 

-.0018 

-  .0063 

+.0008 

+  .0014 

+  .0020 

+.0024 

+  .0020 

24 

+.0012 

+.0012 

+.0007 

-.0013 

-.0053 

+.0005 

+  .0010 

+  .0015 

+.0020 

+  .0017 

32 

+.0007 

+.0009 

+  .0007 

-.0008 

-  .0040 

.0000 

+  .0005 

+  .0p09 

+.0014 

+  .0013 

40 

+.0002 

+.0005 

+.0006 

-.0005 

-  .0032 

.0000 

+  .0003 

+  .0006 

+.0011 

+  .0011 

48 

.0000 

+.0001 

+  .0006 

-.0003 

-  .0026 

.0000 

+  .0001 

+  .0004 

+.0008 

+  .0010 

56 

.0000 

.0000 

+  .0004 

-.0001 

-  .0023 

.0000 

.0000 

+  .0003 

+.0007 

+  .0008 

Table  IX 

Table  X 

•80H 

.85H 

.90H 

.95H 

1.00H 

.05H 

.10H 

.15H 

.20H 

-  .25H 

20 

+.0015 

+.0013 

+.0002 

-.0024 

-  .0073 

i  +0.032 

+0.039 

+0.033 

+0.023 

+  0.014 

24 

+.0012 

+.0012 

+.0004 

-.0018 

-  .0061 

+0.031  ' 

+0.035 

,  +0.028 

+0.018 

+  0.009 

32 

+.0008 

+.0009 

+.0006 

-.0010 

-  .0046 

+0.028 

+0.029 

+0,020- 

+0.011 

+  0.004 

40 

+.0005 

+.0007 

+.0007 

-.0005 

-.0037 

+0.026 

+0.025 

+0.015 

+0.006  . 

+  0.001 

48 

+.0004 

+.0006 

+.0006 

-.0003 

- .0031 

+0.024 

+0.021 

+0.011 

+0.003 

0.000 

56 

+.0002 

+.0004 

+.0005 

-.0001 

-.0026 

+0.023 

+0.018 

+0.002 

+0.002 

0.000 

Table  XI 

Table  XII 

.80H 

.85K 

.90H 

.95H 

1.00H 

Tri. 

Rect. 

T.orR. 

Mom. 

Fixed 

Fixed 

Hinged 

at  Edge 

1  20 

-  0.015 

+0.095 

+0.296 

+0.606 

+1.000 

+0.114 

+  0.122 

+  0.062 

-8.20 

24 

-  0.037 

+0.057 

+0.250 

+0.572 

+1.000 

+0.102 

+  0.111 

+  0.055 

-8.94 

32 

-  0.062 

+0.002 

+0.178 

+0.515 

+1.000 

+0.089 

+  0.096 

+  0.048 

- 10.36 

,  40 

-  0.067 

-0.031 

+0.123 

+0.467 

+1.000 

+0.080 

+  0.086 

+  0.043 

- 11.62 

48 

-  0.064 

-0.049 

+0.081 

+0.424 

+1.000 

+0.072 

+  0.079 

+  0.039 

- 12.76 

56 

-  0.059 

-0.060 

+  0.048 

+0.387 

+1.000 

+0.067 

+  0.074 

+  0.036 

- 13.76 

p  *  For  points  not  shown  in  the  supplemental^  tables,  ring  tension  &  moment  may  be  determined 


approximately  by  sketching  curves  similar  to  those  in  the  text. _ 
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lents  in  circular  slab  with  center  support  and  hinged  edge  due  to  moment  per  m.,  M,  applied  at  edge 
lent  =  coeff.  *  M 

:ive  sign  indicates  compression'in  top  surface. 

1.00R 

+1.0 

+1.0 

+1.0 

+1.0 

+1.0 

+.486 

+.469 

+.451 

+.433 

+.414 

0.90R 

+.917 

+.909 

+.900 

+.891 

+.880 

+.405 

+.384 

+.363 

+.340 

+.320 

0.80R 

+.824 

+.808 

+.790 

+.768 

+.740 

+.314 

+.290 

+.263 

+.240 

+.214 

0.70R 

+.718 

+.692 

+.663 

+.624 

+.577 

+.212 

+.185 

+.157 

+.129 

+.099 

0.60R 

+.596 

+.558 

+.51 

+.451 

+.392 

+.095 

+.066 

+.035 

+.007 

-.0200 

0.50R 

+.450 

+.394 

+.323 

+.236 

+.130 

-.042 

-.072 

-.100 

-.123 

-.145 

0.40R 

+.268 

+.187 

+.078 

-.057 

-.216 

-.211 

-.233 

-.251 

-.261 

-.259 

0.30R 

+.029 

-.103 

-.280 

-.499 

-.765 

-.418 

-.419 
-.404  - 
-.368 . 
-.305 

0.25R 

-.129 

-.305 

-.545 

-.842 

-1.20 

-.544 

-.158 

-.463 

-.372 

-.239 

0.20R 

-.333 

-.584 

-.930 

-1.37 

00  M  N  N 

oo  o  0  r~- 

v©  VO 

•  •  •  • 

1  III 

0.15R 

-.622 

-1.03 

-1.59 

-.847 

-.641 

-.319 

0.10R 

-1.12 

-1.95 

-.980 

-.388 

Table  XVI  :  Mon 
Mon 
Posit 

8 

o 

o 

to 

VO 

i 

-.530 

c/D 

*o  O  to  o  v> 
O  *-<  *-<  r* 

U7  O  V)  O  V) 
O  H  H  N  N 

0W) 

s?u3uio$y 

M>W) 

JU31U0J\[ 

IBijnaSuex 

H3 

CJ 


F' 

re  t5 

1  <3 

.fa 

o 


T3 

0) 

OB 

1 

.re 

f£j 
ft  ; 


u 

a 

t; 

o 
A 

ft  ^ 

S 

M 

•  • 

fc  K 
*■» 

a  55 
o  <u 
o  o 

fl  " 
o  II 

-a  is 
<s  re 

3  3 


CJ 

CD 

TJ 

(U 

4-> 

d 

■*-> 

a 

s 

I 


< 

p< 


fl 


H 


o 

n 

.* 

t: 

o 

A 

S* 

00 

u, 

I 

a 

S 

o 

•5 

£ 


Tl 

-1/ 


0.25 

1.625 

1.200 

10.81 

© 

o’ 

1.542 

1.101 

9.99 

sro 

1.463 

1.007 

9.29 

O 

i-< 

• 

© 

1.387 

0.919 

8.66 

0.05 

1.320 

0.839 

8.16 

c/D 

Hinged 

Fixed 

M  at  Edge 

w 


w 

X 

£ 

<u 

o 

o 

II 

.* 


i 


a 


V*-C 


CD 

a 

u 

"d 

o 

CD 

.9, 

* 

«j 

CXI 

•O 

v 

u 

re 

<u 

a 

r* 

ca 

re 


re 

o 


P-> 

u 


o 

2.4 

00 

Tf 

2.22 

o 

2.03 

<s 

1.81 

CA 

1.57 

o 

N 

1.43 

to 

tH 

1.28 

r-K 

1.2 

C4 

*-< 

T-< 

»“< 

rA 

© 
T— < 

1.01 

s 

00 

V 

£06’ 

VO 

.783 

tn 

.713 

.635 

rt 

.548 

.445 

1.6 

.399 

1.2 

.345 

0.8 

.27 

0.4 

.139 

)  § 
fa 

a 

O 

o 

S5 


I 

S' 


C> 

I 

S> 

•>lr 

& 


w 

* 

<3 

b5 


* 
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VI.4.  Loads  and  Forces  Acting  on  Bunkers  and  Silos  : 


a)  Bunkers  : 

The  height  of  the  bunker  is  so  small  that  the  plane  of  natural  repose  of  the  filling 
material  does  not  intersect  the  opposite  wall,  i.e.  h  tan  oc<  L,  or  practically  h  <1.5L. 
In  this  case  the  side  pressure  can  be  calculated  according  to  the  earth  pressure 
theory  :  horizontal  press,  intensity  p2  =  y  h  tan2  (45-p/2) 
vertical  “  “  pi  =  y  h 

The  friction  between  the  filling  material  and  the  walls  can  be  neglected. 

b)  Silos : 

Silos  are  generally  very  deep  (h  tan  a>  L  i.e.  h>1.5L) 
and  therefore  the  wedge  of  the  material  causing  the  pressure  intersects  the 
opposite  walls  and  hence  not  fully  acting. 

The  forces  acting  on  silos  are  : 

Vertical  press  : 


Pl=  i 

max.  p!  =  y  /k 
horiz.  press  : 


p2  =  y  (  1  - 


1 


kx 


o  tan 


at  x  =  oo 


max. 


P2 


P 

Y 


o 

—  tan 
A 


where  : 
o  =  Circumference  of  cell. 

A  =  Cross-sectional  area  of  cell 

p  =  Angle  of  repose  of  filling  material. 

p'  =  Angle  of  fricition  between  filling  material  and  silo  walls. 


o 


k  —  — .tan  p'  . 
A 


tan  2  (45  -  —) 
2 


The  pressure  on  silo  can  be  approx,  assumed  as  shown  in  fig.  In  this  case  max. 
p2  occurs  at  2H  =  2  max  p2  /  y  tan2  (45  -  p/2 ) . 

c)  Properties  of  Some  Filling  Materials  :  _ _ _ 


s' 

corn 

maiz 

grains 

cement 

sand 

gravel 

coal 

powder 

coal 

stone 

stones 

y  kg/m3 

i 

820 

650 

700-850 

-1200 

1600 

1800 

700 

850 

1800 

0 

L _ £ - 

25-28 

25 

25-30 

25 

30-35 

25 

30 

30 
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VII.  1.  LOAD  DISTRIBUTION  ON  TWO  WAY  SLABS 

1.  Load  Distribution  According  to  U.A.R.  3 


r 

1.00 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.00 

— 

a 

0.35 

0.40 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0.85 

P 

0.35 

0.29 

0.25 

0.21 

0.18 

0.16 

0.14 

0.12 

0.11 

0.09 

0.08 

2.  Load  Distribution  According  to  Marcus  : 

r 

1.00 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.00 

a 

.396 

.473 

.543 

.606 

.660 

.706 

.746 

.778 

.806 

.830 

.849 

B 

.396 

.323 

.262 

.212 

.172 

.140 

.113 

.093 

.077 

.063 

.053 

3.  Load  Distribution  According  to  Grashoff 

l .  1  '  S  c  ^  | 

r 

1.00 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.00 

a 

.500 

.595 

.672 

.742 

.797 

.834 

.869 

.893 

.914 

.928 

.941 

P 

.500 

.405 

.328 

.258 

.203 

.166 

.131 

.107 

.086 

.072 

.059 

* 


m.b 

r— -  ;  where  m=  0.87  for  continuity  at  one  end  of  the  slab 

m.a 

=0.76  for  continuity  at  both  ends  of  the  slab 

Vn.2.  EQUIVALENT  LOAD  FOR  DESIGN  OF  BEAMS  : 

supporting  two  wav  Slabs : 


\ - L - 1 

hh  hh 

w 

I 

2X 

1 

L 

2x 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

a 

.667 

.725 

.769 

.803 

.829 

.852 

.870 

.885 

.897 

.908 

.917 

P 

.500 

.545 

.583 

.615 

.643 

.667 

.688 

.706 

.722 

.737 

.750 
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VIL3. 

DIMENSIONING  OF  REINFORCED  CONCRETE  RECTANGULAR 

SECTIONS  SUBJECT  TO  SIMPLE  BENDING  OR  ECCENTRIC 

FORCES  WITH  BIG  ECCENTRICITIES 

Tables  of  ki 

&  k2  for  :  f,  = 

800  -  2400  kg/cm2 

n  =  15  (units  in  kgs  &  cms  )  (3  = 

■£-0.1 

d 

fc 

f. 

800 

1000 

1200 

1400 

1600 

1800 

2000 

2200 

2400 

25 

ki 

.538 

.568 

.604 

.636 

.676 

.702 

.731 

.760 

.785 

fc 

715 

909 

1105 

1301 

1499 

1697 

1894 

2092 

2292 

30 

ki 

.459 

.490 

.518 

.547 

.575 

.598 

.621 

.645 

.668 

fc 

704 

897 

1091 

1286 

1483 

1679 

t-i 

00 

\  -4 

2075 

2274 

35 

fc 

.408 

.433 

.457 

.479 

.502 

.521 

.542 

.562 

.590 

fc 

694 

885 

1078 

1273 

1469 

1665 

1862 

2060 

2256 

40 

fc 

.369 

.390 

.411 

.430 

.449 

.466 

.484 

.502 

.520 

fc 

686 

875 

1068 

1260 

1455 

1651 

1846 

2044 

2240 

45 

k, 

.339 

.357 

.375 

.392 

.408 

.423 

.438 

.454 

.472 

fc 

678 

866 

1056 

1248 

1441 

1636 

1832 

2028 

2226 

50 

fc 

.314 

330 

.345 

.361 

.375 

.389 

.401 

.415 

.427 

fc 

671 

857 

1046 

1237 

1430 

1628 

1818 

2014 

2210 

55 

fc 

.296 

.308 

.321 

.334 

.347 

.359 

.371 

.383 

.394 

fc 

665 

849 

1037 

1227 

1419 

1611 

1806 

2000 

2194 

60 

fc 

.277 

.289 

.301 

.313 

.324 

.335 

.347 

.360 

.367 

fc 

659 

842 

1028 

1217 

1408 

1600 

1793 

1987 

2184 

65 

fc 

.262 

.273 

.284 

.294 

.305 

.317 

.324 

.340 

.344 

1^2 

654 

835 

1021 

1208 

1398 

1589 

1782 

1975 

2170 

70 

k, 

.259 

.279 

.279 

.288 

.296 

.306 

.315 

.325 

fc 

829 

1013 

1200 

1389 

1578 

1771 

1963 

2158 

75 

k, 

.247 

.256 

.265 

.274 

.282 

.289 

.298 

.306 

fc 

823 

1006 

1192 

1379 

1570 

1761 

1952 

2144 

80 

fc 

.237 

.245 

.253 

.261 

.268 

.276 

.283 

.290 

fc 

818 

1000 

1185 

1371 

1561 

1750 

1941 

2132 

85 

fc 

.227 

.235 

.242 

.250 

.255 

.263 

.274 

.277 

fc 

813 

994 

1178 

1363 

1552 

1740 

1931 

2122 

90 

fc 

.219 

.226 

.233 

.240 

.246 

.250 

.258 

.265 

fc  ' 

809 

988 

1171 

1357 

1543 

1731 

1920 

2110 

95 

fc 

.211 

.217 

.224 

.230 

.236 

.243 

.248 

.252 

^2 

804 

983 

1165 

1349 

1535 

1722 

1912 

2102 

100 

fc 

.204 

.210 

.216 

.222 

.229 

.233 

.239 

.245 

fc 

800 

978 

1159 

1342 

1528 

1715 

1904 

2004 
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DIMENSIONING  OF R.C.  RECTANGULAR  SECTIONS  SUBJECT  TO  SIMPLE 
BENDING  OR  ECCENTRIC  FORCES  WITH  BIG  ECCENTRICITIES 


fs  =  1200  kg/cm2 


l.For  Simple  Bending  : 


TABLES  OF  k!  &  kz  FOR  : 

2.For  Eccentric  Force  :  (Units  in  kgs.  and  cm.) 


d_k  [ 

M 

M 

is 

i  i 

II 

Ms  . 

Mo 

^ l 

N 

-  cover  (Compression) 

d“k  llj 

b  ’As 

y 

k2.d 

b  k2-  d 

+  cover  (tension) 

fs 

es  =  e  +  t/2 

fc 

a 

=  0 

a  = 

0.2 

a  = 

0.4 

a= 

0.6 

K, 

k2 

Ki 

k2 

Kt 

k2 

Kx 

k2 

45 

.375 

1056 

.359 

1058 

.342 

1060 

.325 

1062 

50 

.345 

1046 

.329 

1049 

.311 

1052 

.292 

1055 

55 

.321 

1037 

.303 

1041 

.284 

1046 

.265 

1050 

60 

.301 

1028 

.282 

1034 

.263 

1040 

.241 

1046 

65 

.284 

1021 

.264 

1028 

.244 

1035 

.221 

1042 

70 

.269 

1013 

.249 

1022 

.229 

1032 

.204 

1041 

75 

.256 

1006 

.235 

1017 

.212 

1028 

.188 

1039 

80 

.245 

1000 

.223 

1013 

.199 

1026 

.173 

1038 

85 

.235 

994 

.212 

1009 

.187 

1023 

.160 

1038 

90 

.226 

988 

.202 

1005 

.177 

1022 

.148 

1038 

95 

.217 

983 

.193 

1002 

.167 

1021 

100 

.210 

978 

.185 

999 

.159 

1020 

850 
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:\SIONING  OF  R.C.  RECTANGULAR  SECTIONS  SUBJECT  TO  SIMPLE 
BENDING  OR  ECCENTRIC  FORCES  WITH  BIG  ECCENTRICITIES 

TABLES  OF  ki  &  k2  FOR  :  fs  =  1400  kg/cm2 

(Units  in  kgs.  and  cm.) 


r  Simple  Bending  : 


=  k 


1  v 


M 


M 


k2.d 


2.For  Eccentric  Force : 

ML 


d  =  ki 


M, 


,  As 


N 


k2.d 


e,  =  e  -  t/2  +  cover  (tension)  es  =  e  +  t/2  -  cover  (Compression) 


fc 

a  = 

=  0 

a  = 

0.2'. 

a  =  0.4 

a  = 

=  0.6 

Kt 

k2 

Ki 

k2 

Ki 

k2 

Kt 

k2 

45 

.392 

1248 

.378 

1249 

.363 

1250 

.350 

1251 

50 

.361 

1237 

.346 

1239 

.331 

1241 

.317 

1243 

55 

.334 

1227 

.319 

1230 

.304 

1233 

.287 

1235 

60  . 

.313 

1217 

.297 

1221 

.280 

1226 

.263 

1230 

65 

.294 

1208 

.279 

1214 

.261 

1219 

.242 

1225 

70 

.279 

1200 

.262 

1207 

.243 

1214 

.223 

1221 

75 

.265 

1192 

.247 

1200 

.228 

1209 

.208 

1217 

80 

.253 

1185 

.234 

1195 

.214 

1205 

.193 

1215 

85 

••  .242' 1 

1178 

.223 

1190 

.202 

1201 

.180 

1213 

90 

.233 

1171 

.213 

1185 

.192 

1198 

.168 

1212 

95 

.224 

1165 

.203 

1180 

.181 

1196 

.157 

1211 

100 

.216 

1159 

.195 

1176 

.171 

1194 

.147 

1211 

30  35  40  45  50  55  60  65  70  75  80  85  90  95  100  105 
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DIMENSIONING  OF  R.  C.  RECTANGULAR  SECTIONS  SUBJECT  TO  SIMPLE 
BENDING  OR  ECCENTRIC  FORCES  WITH  BIG  ECCENTRICITIES 


TABLES  OF  k,  &  k2  FOR  :  fs  =  1600  kg/cm2 


l.For  Simple  Bending  : 


d  =  k1 


M 


>  A« 


M 


k2.ci 


2.For  Eccentric  Force : 


(Units  in  kgs.  and  cm.) 


d  =  k 


1 


> 


N 

■  +  — 


k2.d 

cs  =  e  - 1/2  +  cover  (tension) 


*s 

es  =  e  +  t/2  -  cover  (Compression) 


fc 

a. 

=  0 

a  = 

0.2 

a  = 

=  0.4 

a  = 

0.6 

K, 

k2 

K, 

k2 

K, 

k2 

Ki 

k2 

45 

.408 

1441 

.397 

1441 

.386 

1441 

.373 

1441 

50 

.375 

1430 

.361 

1431 

.349 

1432 

.336 

1432 

55 

.347 

1419 

.334 

1240 

.320 

1422 

.307 

1423 

60 

.324 

1408 

.311 

1411 

.296 

1413 

.281 

1416 

65 

.305 

1398 

.284 

1402 

.276 

1406 

.260 

1409 

70 

.288 

1389 

.273 

1394 

.268 

1399 

.239 

1405 

75 

.274 

1379 

.256 

1386 

.242 

1392 

.224 

1399 

80 

.261 

1371 

.244 

1379 

.227 

1387 

.209 

1395 

85 

.250 

363 

.233 

1373 

.215 

1382 

.196 

1392 

90 

.240 

1357. 

.222. 

1368 

.204 

1379 

.183 

1390 

95 

.230 

1349 

.212 

1362 

.193 

1374 

.172 

1387 

100 

.222 

1342 

.204 

1357 

.183 

1371 

.102 

1386 
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DIMENSIONING  OF  R.C.  RECTANGULAR  SECTIONS  SUBJECT  TO  SIMPLE 
BENDING  OR  ECCENTRIC  FORCES  WITH  BIG  ECCENTRICITIES 


TABLES  OF  kj  &  k2  FOR:  fs  =  1800  kg/cm 


1. For  Simple  Bending  : 
d  =  ki 


'1 


M  M 

,  As  — 
b 


k2.d 


2.For  Eccentric  Force : 

ML 


(Units  in  kgs.  and  cm.) 


d  =  kx 


M, 


,  Ak 


N 


k2d  fs 


e,  =  e  -  t/2  +  cover  (tension)  es  =  e  +  t/2  -  cover  (Compression) 


fc 

a- 

0 

a  = 

0.2 

P 

1! 

© 

a  = 

0.6 

Kr 

k2 

k2 

k2 

Kx 

k2 

Kx 

k2 

45 

.423 

1636 

.411 

1636 

.403 

1635 

.392 

1634 

50 

.389 

1628 

.378 

1623 

.366 

1623 

.355 

1623 

55 

.359 

1611 

.348 

1611 

.336 

1612 

.324 

1612 

60 

.335 

1600 

.323 

1602 

.311 

1603 

.298 

1604 

65 

.317 

1589 

.303 

1591 

.289 

1594 

.275 

1596 

70 

.296 

1578 

.283 

1582 

.269 

1585 

.255 

1589 

75 

.282 

1570 

.268 

1575 

.254 

1579 

.239 

1584 

80 

.268 

1561 

.254 

1567 

.239 

1572 

.223 

1578 

85 

.255 

1552 

.242 

1559 

.226 

1566 

.209 

1574 

90 

.246 

1543 

.231 

1551 

.215 

1556 

.197 

1569 

95 

.236 

1535 

.220 

1546 

.204 

1556 

.186 

1566 

100 

.229 

1528 

.212 

1540 

.195 

1551 

.176 

1563 
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DIMENSIONING  OF  R.C.  RECTANGULAR  SECTIONS  SUBJECT  TO  SIMPLE 
BENDING  OR  ECCENTRIC  FORCES  WITH  BIG  ECCENTRICITIES  * 


TABLES  OF  k,  &  k2  FOR 


fs  -  2000  kg/cm: 


l.For  Simple  Bending 
M 

ls  =  “ 


d  =  k1 


M 

>  As  = 
b 


k2-d 


2.For  Eccentric  Force 


(Units  in  kgs.  and  cm.) 


d  =  k 


'll 


N 


*  As 


k2.d 


es  =  e  -  t/2  +  cover  (tension)  es  =  e  +  t/2  -  cover  (Compression) 


fc 

a 

=  0 

a  = 

0.2 

a  = 

0.4 

a  = 

=  0.6 

k2 

Kx 

k2 

Kx 

k2 

Kx 

k2 

45 

.438 

1832 

.429 

1831 

.421 

1829 

.411 

1828 

50 

.401 

1818 

.389 

1816 

.382 

1817 

.372 

1815 

55 

.371 

1806 

.361 

1806 

.350 

1805 

.339 

1805 

60 

.347 

1793 

.335 

1793 

.325 

1794 

.312 

1794 

65 

.324 

1782 

.313 

1783 

.302 

1784 

.289 

1785 

70 

.306 

1771 

.294 

1773 

.282 

1775 

.269 

1777 

75 

.289 

1761 

.277 

1763 

.265 

1766 

.251 

1769 

80 

.276 

1750 

.263 

1754 

.250 

1759 

.236 

1763 

85 

.263 

1740 

250 

1748 

.236 

1751 

.222 

1753 

90 

.250 

1731 

.239 

•  1738 

.226 

1745 

.209 

1752 

95 

.243 

1722 

.229 

1730 

.214 

1739 

.198 

1747 

100 

.233 

1715 

.219 

1724 

.205 

1735 

.188 

1744 

0.7 

K1 


0.1 


^fs=2000  Kg/cm2 j 


1650 
K2 


1700 


1750 


1800 


1850 


1900 


1950 


30  35  40  45  50  55  60  65  .70  75  80  85  90  95  100  105 

_ fc _ 
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VII.  DIMENSIOING  OF  T-  and  L-  SECTIONS. 


T  -  Sections  may  be  devided  with  respect  to  their  dimensioning  into  two  groups  : 

a)  T  -  Sections  with  B/b0  >  5 

b)  T  -  Sections  with  B/b0  <  5 


a)  T  -  Sections  with  B/b„  >  5 

In  this  case  the  compression  zone  is  very  big  and  the  compression  stresses  will 
be  very  low.  The  neutral  axis  will  be  very  near  to  the  flange  .  The  compression  in 
web  can  be  neglected  .  The  comp,  force  can  be  considered  as  acting  in  the  middle 


b)  T  -  Sections  with  B/b„  <  5 

The  compression  stresses  are  usually  high.  They  must  not  exceed  0.75  of  the 
allowable  fc  for  rectangular  section  .  The  neutral  axis  lies  outside  the  flange.  The 
compression  in  web  can  be  neglected  and  the  comp,  zone  can  be  assumed  as  a 
rectangle  with  a  reduced  breadth  (Br) .  The  dimensioning  of  a  T  -  Sec.  is  in  this  case 
exactly  the  same  as  rectangular  section  as  follows  : 


z  = 


[Ms 

B 


(  kzvariable  with  fc  &  fs,  see  table  a ) 


ts  B 

Br=r.B  (r  =  reduction  factor  depending  on  —  & — 

z  bo 

see  table  b  or  the  curve  ). 


N 


•Br- 


d  =  k 


M< 


Br 


—  b  — 


27 


A? 


f  kx  &  k2  are  the  same  as  for  rectangular  sec. ). 


^s 


k2.  d 


+  H 
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e  (a)  :  Values  ofk.  (position  ofN.A.  in  T-Sections): 


1200 

1400 

1600 

1800 

2000 

2200 

2400 

x  =30 

.141 

.133 

.126 

.119 

.114 

.110 

.105 

40 

.137 

.129 

.122 

.117 

.112 

.107 

.103 

50 

.133 

.126 

.119 

.114 

.110 

.105 

.101 

. --crage 

.14 

.130 

.122 

.115 

.112 

.107 

.103 

Tible  (b)  :  Reduction  Factor  r  (Br-  r.B)  : 


tjz 


B/b0 

1.0 

0.9 

o 

bo 

i 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

2.0 

1.0 

1.0 

.98 

.96 

.92 

.88 

.82 

.76 

.68 

2.5 

1.0 

.99 

.98 

.95 

.90 

.85 

.78 

.70 

.62 

3.0 

1.0 

.99 

.97 

.94 

.89 

.83 

.76' 

.67 

.57 

3.5 

1.0 

.99 

.97 

.94 

.89 

.82 

.74 

.65 

.54 

4.0 

1.0 

.99 

0.97 

.93 

.88 

.81 

.73 

.63 

.52 

5.0 

1.0 

.99 

0.97 

.93 

.87 

.80 

.71 

.61 

.49 

VII.6  Graphical  Determination  of  Stresses 
Graphical  method  for  the  determination  of  stresses  is  generally  used  for 
implicated  forms  of  sections.  We  proceed  as  follows  : 


a7a6  a5nAsa4  a3a2a1  nAj. 


1.  devide  the  area  of  the  section  into  small  strips  of  area  al ,  a2  , .... 

2.  consider  the  area  of  each  strip  as  a  force  acting,  in  the  centre  of  gravity  ,  the 
steel  is  to  be  introduced  with  n-times  its  area. 

3.  draw  the  force  polygon  ,  polar  diagram  and  link  polygon  as  shown. 

The  horizontal  through  the  point  of  intersection  Aa'  &  Bb'  gives  the 
position  of  the  N.A. 

b)  The  stresses  in  concrete  &  steel  can  be  determined  from  the  relations  : 


„  M.z 

fc  =  , 

& 

f  M  (d  -  z)  n 

Inv 

T 

Anv 

where: 


Inv  =  the  moment  of  interia  of  the  virtual  area  about  the  N.A.  =  2H  x  Area  ABD 
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VII.4.  DESIGN  AND  DETAILS  OF  DEEP  BEAMS 

Definition  : 

Deep  beams  are  those  which  have  depth  to  effective  span  ratio  greater  than  : 


d/L 

> 

0.8 

for  simple  beams. 

0.4 

for  continuous  beams. 

A)Simple  supported  deep  beams  subject  to  uniform  loads 

Tension  T  =  max.  Mo  /  Yct  and  As  =  T  /  fs  ,  in  which  : 

Yct  (Lever  arm  )  =  0.86  L  (  but  not  more  than  0.87  d) 


Yct  =  0.87  d  for  H  <  L 

and  Yct  =  0-86  L  for  H  >  L  ,  i.e. 

max.  Mo 

J  _  I!  If  11 

0.87  d 

max.  Mo 

and  T  =  .  . 

0.86  L 

For  uniform  distributed  Load  w/nT  ,  we  have  :  M0  -  wL2  / 8 
then 


T  =  0.15  wL2  Id  for  H  <  L  and  T  =  0.15  wL  for  H>  L 


The  tension  steel  is  to  be  extended  over  the  whole  length  of  the  span  and  to  be  well 

anchored  at  the  supports. 

5L  0.7L  .  5L, 


UZ=25s3. 


V 


T 

0.3H 


0.15-J-0.2H 


H(H 


linn  TiTi 


<10 


lllll 

U 

u 

in 

u 

> 

, 

1 

1 

— 

11 

L 

3 


H 


<D 


0.15-S-0.2H 

H<L 


© 


For  loads  hung  at  the  bottom,  vertical  reinforcements  carrying  the  full  reaction  are 
to  be  introduced  for  the  full  height  over  a  length  0.7  L. 
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5 1  Simply  supported  deep  beams  subject  to  concentrated  loads : 

They  may  be  calculatad  in  the  same  P 

-  ay  as  uniform  loads  introducting 
tfce  corresponding  values  of  Mo  . 

The  tension  can  also  be  directly 
determined  from  the  triangle  of  forces 
shown  in  figure. 


v 

x 

CO 

d 


o 

>- 


As  =  T  /  fs 


As-  =  A/4  _  j 


l 


1 


SI 


H 


T 

0.1 5-J-0.2H 
H<L 


The  angle  a  >  45°. 

c)  Continuous  deep  beams : 

The  bending  moments  M  may  be  calculated  according  to  theory  of  elasticity 
as  applied  to  slender  beams  . 

The  tension  T  is  given  by  :  T  =  M  /  Yct  in  which  : 

Yct=  0.43  L  at  midspan  and  Yrt  =  0.37  L  at  support  (but  not  more  than  0.87  d  ). 
For  uniformly  distributed  load  w  /m'  ,  we  have  : 

At  mid-span  (yct  =  0.43  L  <0.87d) 


L  <  2H 

L  >  2H 

Outer  span 

wL2  / 12 

T  =  -  =  0.20  wL 

0.43  L 

wL2  / 12  >vL2 

T  =  -  =  0.10  - 

0. 87  d  d 

Inner  spans 

wL2  / 16 

T  =  -  =  0.15  wL 

0.43  L 

2  2 
wL  / 16  wL 

T  =  -  =  0.07  - 

0.  87  d  d 

Over  support  (Yct=  0.37  L) 


L£2H 

L  >  2H 

At  inner  support  of 
outer  span 

wL2  / 10 

T  =  -  =  0. 27  wL 

0.37  L 

wL2  / 10  wL2 

T  =  -  =  0.12  - 

0.  87  d  d 

Other  inner 
supports 

wL2  / 12 

T  =  -  =  0. 23  wL 

0.37  L 

2  2 
wL  / 12  wL 

T  =  -  =  0. 10  - 

0. 87  d  d 
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It  is  recommended  to  extend  the  full  amount  of  the  tension  steel  at  the  middle 
of  the  spans  to  the  supports. 

Half  the  tension  steel  required  at  the  conter  lines  of  the  supports  must,  be 
arranged  over  the  full  length  of  the  adjoining  spans  and  the  other  half  to  be 
extended  to  a  distance  equal  to  0.3  L  on  each  side  of  the  center  line  of  the  support 
as  shown  in  the  following  figure  : 


• 

!  1/2AS— ve  1 — 0.3L  — 

| 

—  0.3L  — 

1/2As-ve  J 

0.4-H  or  0.4L  ! 

j  "j-  mesh  min.  Steel 

r0.2L  j 

1 

i 

1 

1 

1 

i 

| 

As+Ve  ' 

1 

1 

1 

L —  1  "  -  • 
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u 

to 

c  "S 
o  .2 

■<g  *- 

3  W 

1  > 
•c  « 


Q  £ 


s  a 


b  2 

M  CQ 


n  to 


z 
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M  o 

O  n 

n  rt> 

n>  ~o 

W  rt> 
»  g 

3  a 


63 
63  ~ 


IF> 

G 

X3 

X3 

© 

a 

s 

CTO 

> 

S3 

O 

cr 

© 

1 


oo 

8 


to 

< 

£U 


C/5 

8 

cr. 

o 

3 

cr 

cr 


* 

3 

to 

M 

■g 


\D 

i 


~  0.5  d  ( 0,5  ^ ) 


£ 

B. 


W 

I 

< 

re 

f* 

o* 

£L 

> 

s 

Q. 

ffl 


7/ 

1 

1 

* 

r 

'7 

■/, 

r\ 

V. 

/■ 

,  / 

7 

7 

/ 

7. 

'7 

i 

V' 

\ 

.  .J 

CO 


o 

3 


05 

i 

P 


I 


co 
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Tension 


Compression 


Tension  and  compression  contour  lines  in  short  cantilevers 


a)  Contour  Lines  b)  Normal  Stresses  c)  Normal  Stresses 
Deep  short  cantilever  subjected  to  uniform  load 


Detail  "  A  " 


.  .•%'  T 

'/////■ 
V  .  '  '/ 

'yjk 

y,y/A 

.  *  ",V/V 

**  "4 

".'■//-y/.i 

<  t /'  /•//. 

*  ,"V/ 

m 

t 

/ 

/ 

/ 

/ 

Wrong 


P/H<* 


2  01 


2: 10 
ft 


Right  0^=: 


v,  /////, A/,  // 
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fir 


u 


T  ,  (H)  Pos  3 


Cross  Section q 

® 


Pos  1 


-  ) Pos  3 


N  Small 


m") 


rr 


dB 


0 


Pos  1 


f  < 

£°0 

I- 

N  great 


\ 


dB 


POS  1 


■  2:  Bfi 


4- 


Details  Of  Reinforcement  Of  Short  Cantilever 
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Chapter  XIII 

YIELD  LINE  ANAL  YSIS 

1.  Introduction 


Reinforced  concrete  slabs  can  be  designed  according  to  one  of  the 
ibllowing  methods. 

a)  Elastic  design  :  which  includes; 

1) Rules  of  the  code  of  practice:  which  are  limited  to  specified  cases  of 
loading  (only  for  uniform  loads)  and  special  shapes  of  slabs  (  only 
rectangular). 

2) Elastic  theory  of  plates  :  such  as  tables  of  Czerny  (P.75-122)  for 
rectangular  slabs  subjected  to  uniform  or  triangular  loads  (  water 
pressure  ).  Also,  for  circular  slabs  (P.128-145)  and  for  triangular  and 
trapezoidal  shapes  (  P  .  175  -  177  ). 

b)  Plastic  design  of  slabs:  such  as: 

1-  Upper  bound  solution  (  yield  line  analysis). 

2-  Lower  bound  solution  (  always  safe  solution  ). 

3-  Strip  method  (  Hillerborg  ). 

2-  CONCEPT  OF  THE  YIELD  LINE  ANALYSIS 

When  a  reinforced  concrete  slab  is  subjected  to  increasing  load, 
initially  we  observe  that  the  slab  behaves  elastically.  As  the  load  is  gradually 
increased,  cracking  of  concrete  on  the  tension  side  begin  at  section  of  Max 
moment.  The  stiffness  of  the  cracked  section  is  reduced  and  a  redistribution 
of  the  moment  in  the  slab  takes  place.  As  the  load  is  increased  further,  that 
reinforcement,  will  yield  in  the  central  area  of  the  slab.  Although  that  section 
of  max.  moment  will  continue  to  deform,  its  resistance  moment  will  not 
increase  and  consequently  an  even  greater  redistribution  of  moment  takes 
place. 

The  application  of  increased  load  will  cause  the  reinforcement  in  even 
more  sections  to  yield  and  further  propagation  of  yield  lines  until  the 
boundary  of  the  slab. 
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At  this  stage  the  slab  is  carrying  its  ultimate  load  .  Any  slight  increase 
: :  the  load  will  now  cause  a  state  of  unstable  equilibrium  and  the  slab  will 
::ntinue  to  deform  until  crushing  of  concrete  occurs.  The  condition  when 
:  ,e  yield  lines  just  reach  the  slab  boundary  may  be  regarded  as  the  collapse 
"teria  of  the  slab. 

The  system  of  the  yield  lines  or  fracture  lines  is  called  yield  line 

:  mem. 

Rules  governing  the  choice  of  the  yield  line  vattrens. 

The  rules  governing  possible  yield  line  patterns  may  be  summarized 
is  follows  in  order  to  help  in  selecting  a  geometrically  possible  pattern: 

i  Yield  lines  are  straight,  they  can’t  change  direction  unless  joined  by 
another  yield  line. 

b  ‘Yield  lines  begin  to  from  at  points  of  maximum  elastic  bending  moment 
in  the  slab  and  end  at  the  slab  boundary. 

:  A  yield  line  or  yield  line  produced,  must  pass  throug  the  point  of 
intersection  of  the  axes  of  rotation  of  the  two  slab  parts  connected  by  the 
yield  line. 

i  i  Axes  of  rotation  generally  lie  along  line  of  supports  (beams),  and  pass 
over  point  support  (  pivot  points  )  (  columns  )  with  any  angle. 

4-  Virtual  work  method 

Having  postulated  a  yield  line  pattern  at  failure,  the  first  step  is  to 
give  any  convenient  point  in  the  slab  a  virtual  deflection  5  ,  in  terms  of 
which  the  corresponding  deflections  of  all  other  parts  of  the  slab  may  be 
calculated.  The  total  work  done  by  the  loads  to  produce  this  deflection  is 
given  by 

which  is  usually  simplified  to 


External  work  done  =  E(w5) 


External  work  done  =  £  If  w  5  dx  dy 


v  here  w  =  distributed  load  on  the  slab  at  collapse. 
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The  energy  absorbed  in  rotation  at  a  yield  line  is  the  total  moment 
along  the  yield  line  multiplied  by  the  rotation  at  the  yield  line.  If  9  is  the 
rotation,  which  can  be  calculated  in  terms  of  the  virtual  deflection  5  ,  then 
the  total  internal  work  done  on  all  the  lines  is  given  by 


Internal  work  done  =  Z  (mb  Lb  9b) 


where  mb  =  ultimate  moment  per  unit  of  yield  line  length, 

Lb  =  Yield  line  length. 

The  solution  for  the  slab  is  obtained  by  equating  the  external  work 
done  to  the  internal  energy  absorbed, 


Z  (w  5)  =  Z  (mb  Lb  0b) 


This  method  can  be  summarized  in  the  following  steps: 

I'1'  step;  assume  a  yield  line  pattern  (mechanism)  at  failure. 

2nd  step;  choose  a  convenient  point  in  the  slab  and  give  this  point  a  virtual 
displacement.  The  deflection  of  all  parts  of  the  slab  can  now  be 
expressed  in  terms  of  5. 

The  loss  of  work  due  to  this  displacement  is  given  by  ; 
external  work  = 


^  _ _ 

3  step;  The  work  done  in  a  yield  line  is  the  total  moment  along  the  yield 

line  multiplied  by  the  rotation  of  the  yield  line  hence: 

Internal  work  = 


Zjj  w  6  dx  dy  =  Z  w  6 


(1) 


Z  mb  Lb  0b 


(2) 


where  mb  =  the  ultimate  moment/  unit  length  along  yield  line 
Lb  =  lenght  of  yield  line. 

9b  =  rotation  of  yield  line. 

4th  step;  the  solution  of  the  slab  is  obtained  by  equating  the  loss  in  external 
work  to  the  gain  in  internal  work. 


i,e.  Z  w  5  =  Z  mb  Lb  9b 


Ill 


5th  step;  for  minimum  energy  (minimum  ultimate  load  or  maximum  moment). 


6th  step  ;  substitute  values  of  the  variables  (  p  ,  y  ,XF....)  into  equation  (3)  to 
get  the  value  of  mb 


5m=0  ; 

5™  =  o  ; 

6m-0 

(4) 

5(3 

5  y 

5  v \j 

El  Behairy  -  R.C.  design  —Chapter  (8)  -  Yield  Line  Virtual  work  method 


-198- 


rig.(  1  )  Yield  line  in  a  square  slab  on  stiff  beass.  (a)  Actual  cracking  at  failure, 
b)  Assuied  [Yield  lines!  or  [Fracture  lines.! 

III.  Notations 


Simply  supported  edge 
fixed  supported  edge 
free  edge 
column 

Sagging  yield  line  <m)  (+ve  moment) 

4 

Hogging  yield  line  Cm’)  C-ve  moment) 
Axis  of  rotation 

Uniform  distributed  load  w  <t/m  ) 
Line  load  Ct/m') 

Concentrated  load  <t> 
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IV.  Typical  yield  line  patterns. 


Tig.  ( *  )  Tr iangular  Slab 
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(a) 


(b) 


Hq.(  7  )  Yield-line  patterns,  (a)  Continuous  one-vay  slab, right  supports  at 
a  and  b.  (b)  Continuous  slab  with  a  skewed  support  at  b.  (c)  Slab  supported 
op  two  adjacent  edges  and  a  coluan.  (d)  Fan  pattern,  (e)  A  fan  sequent,  (f) 
Fan  pattern  near  free  edge. 


i 
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Fig.(  9  )  Irregular  slab  fixed  on 


Rotation  about  the  yield  line. 


Fig. (11)  Rectangular  slab  supported  on  tvo  colutns  at  one  side  . 
Both  patterns  shovn  are  geoaetrically  possible. 
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MOMENT  OF  SOME  REGULAR  SLABS  UDER  UNIFORM 


AND  CONCENTRATED  LOADS 
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MOMENT  OF  SOME  REGULAR  SLABS  UDER  UNIFORM 
AND  CONCENTRATED  LOADS 


SHAPE 


EQUATION 

MOMENT 
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Flat  slabs. 


a)  Flat  slab  without  column  head  &  without  drop  pannel  (without  edge 
beam) 


for  m  ’  =  m 
ml  : 

m2  : 

mi’  : 

m2’  : 


Fig.  ( 48 ) 


+ve  moment  in  edge  span  0.42  L  from  outer  edge  - 


wl 7 
11.6 


+ve  moment  in  other  spans 


-vc  moment  in  1st  int.  support  = 


-ve  moment  in  other  support  = 


wL 

16 

wL2 

11.6 

wL2 

16 


It  is  recommended  that  the  +ve  (m)  should  cover  the  span  &  the  -ve  m 
should  cover  i  span. 
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CHAPTER  (3) 

GENERAL  DESIGN  CONSIDERATIONS 
3-1  Design  methods: 

This  chapter  deals  with  the  basic  concepts  for  the  design  methods  of 
reinforced  concrete  sections  under  the  effect  of  the  different  kinds  of  loads. 
These  methods  ensure  that  all  members  of  the  structure  shall  be  proportioned 
to  an  adequate  strength  in  accordance  with  the  provisions  of  this  code,  which 
are  based  on  statistical  bases,to  satisfy  the  requirements  for  use  and 
workability  during  the  structure  life  time  without  any  deformations  or 
defected  cracks  and  with  an  adequate  factor  of  safety  against  failure. 

This  can  be  satisfied  by  the  use  of  one  the  following  two  methods  for 
the  design  of  reinforced  concrete  structures: 

1-  Limit  state  design  method. 

2-  Elastic  (  working  stress  )  design  method. 

3-1-1  LIMIT  STA  TE  DESIGN  METHOD: 


It  is  not  allowed  to  use  this  method  for  design  of  R.C.  structures, 
with  characteristic  concrete  strength  after  28  days  less  than  20  N/mm  .  The 
conditions  given  in  article  (3-1)  are  satisfied  by  taking  adequate  load  factors 
of  safety  for  the  working  loads  to  obtain  the  ultimate  loads  at  which  the 
structure  reaches  one  of  the  limit  states  mentioned  in  article  (  3 -2-1-1  )  . 

By  calculating  these  limits,  all  factors  which  negatively  affect  the 
strength  of  the  structure  in  resisting  the  loads  resulting  from  material 
strength  reduction  factors  and  the  approved  tolerances  in  construction  and 
calculations  are  to  be  taken  into  consideration. 

The  ultimate  limit  states  are: 
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3-1-1-1-  Ultimate  strength  limit  state: 

It  is  the  limit  which  guarantees  -  on  statistical  basis  -  that  the 
structure,  or  any  part  of  it  will  not  fail  as  a  result  of  reaching  its  ultimat  limit 
strength.  This  limit  state  controls  the  behaviour  of  all  parts  of  the  structure  at 
failure  (  article  4-2  ). 

3-1-1-2  Stability  limit  state  : 

It  is  the  limit  which  guarantees  -  on  statistical  basis-that  the  structure 
will  not  fail  due  to  buckling  (art.  6-4),  overturning,  uplift,  or  sliding. 

3-1-1-3  Serviceability  limit  states: 

They  are  the  limit  states  which  when  ignored,  the  use  and  the 
strength  of  the  structure  are  negatively  affected.  They  are  divided  into  the 
following  states: 

a  Reformation  and  deflection  limit  states  :  They  are  the  states  which 
ensure  to  prevent  excessive  deformations  or  deflections  more  than  the 
allowed  values  (  article  4-3-1) . 

b  )Limit  state  of  cracking  :  It  is  the  state  which  ensures  the  control  of 
crack  width,  which  affects  negatively  the  performance  of  the  structure  or 
limits  its  use,  or  reduces  its  life  time,  or  affects  the  appearance  of  any  part 
of  it  (article  4-3-2). 

3-1-2  ElASTIC  (  WORKING  STRESS )  DESIGN  METHOD : 

The  conditions  of  article  (3-1)  are  satisfied  by  the  determination  of 
allowable  working  stresses  for  the  different  structural  elements.  The 
structure  is  designed  so  that  the  resulting  stresses  from  working  loads  should 
not  exceed  the  allowable  stresses.  Design  should  also  ensure  the  stability  of 
the  structure  to  prevent  the  occurance  of  buckling  (art.  3-1 -1-2),  excessive 
deformations  and  deflections,  and  to  control  the  crack  width  (  art.  3-1-1 -3  ). 


El-Behairy  Design  Handbook  R.C.  code  2001  -  Chapter  (3)  Design  Methods 


-210- 


3-2  Safety  conditions : 


Safety  of  the  structure  is  satisfied  when  the  strength  of  the  different 
sections  are  greater  than  internal  stresses  resulting  from  the  different  cases  of 
loading  and  the  direct  and  indirect  strains. 

The  structure  as  a  whole  and  each  part  of  it  should  be  safe  and  usable 
during  the  structure  lifetime. 

3-2-1  Safety  determination  by  the  limit  state  design  method 
3-2-1-1  Load  determination 


ql  Service  loads  : 

They  are  the  expected  loads  under  the  working  conditions. The 
probability  of  the  increase  of  these  loads  should  not  be  more  than  5%.  These 
loads  are  taken  from  the  Egyptian  code  for  loads.  They  include  dead  and  live 
loads.  They  also  include  wind,  soil  &  liquid  pressure,  dynamic  loads, 
settlement  of  supports,  creep,  shrinkage,  and  change  of  temperature'effect. 
Also,  seismic  loads  should  be  taken  into  consideration  in  seismic  zones 
according  to  their  intensity. 


b}  Ultimate  load  values  : 

The  ultimate  load  values  are  calculated  by  multiplying  the  working 
loads  defined  in  art  (3 -2-1-1 -a)  by  the  following  load  factors^ 

1-For  members  subjected  to  live  loads,  where  wind  and  seismic  loads  may 


U=  1.4D+  1.6L 


be  neglected: 
where  D  =  Dead  loads  L  =  Live  loads 

U  =  Ultimate  loads  (  factored  loads  ) 

2-For  cases  when  live  loads  dose  not  exceed  0,75  the  dead  loads  then 


(3-1) 


U  =  1.5  (D+L) 


3 -For  members  subjected  to  live  loads,  plus 
soil: 


i hi 


ateral  pressure  due  to  liquid  or 


U=1.4D+1.6[  E+L]  (3-3) 


where  E  =  Lateral  loads. 

U  should  not  be  less  than  the  value  given  in  eqn.  (3-1) 

In  case  of  lateral  pressure  of  liquids  contained  in  closed  members  such 
as  tanks,  the  value  1.6  E ,  in  equation  (3-3)  and  (3-7)  is  to  be  replaced 

by  1.4  E. 
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4) If  there  are  loads  due  to  wind  pressure  (W)  or  due  to  earthquakes  (S), 


U  =  0.8  (1.4  D  +  1.6  L  +  1.6  W) 

(3-4) 

U  =  0.8  (1.4D+1.6L+1.6S) 

(3-5) 

Provided  that  U  should  not  be  less  than  the  value  given  in  eq  n  (3-1),  and 
it  is  not  allowed  to  add  seismic  loads  plus  wind  loads. 

5)In  cases  of  loading  when  decreasing  dead  load  results  in  increase  of 
straining  actions  in  some  sections,  the  ultimate  load  factor  for  dead  load  is 
taken  (0.9). 

6 - In  cases  when  the  dead  loads  increase 
the  stability  of  the  structure  or  reduce  the 
internal  stresses  ,the  ultimate  loads  are 
replaced  in  articles  (  1,3, 4, 5  )  by  the 
following  ultimate  load  factors 

7- The  effect  of  temperature  changes,  settlement  of  supports,  creep, 


U  =  0.9  D 

3-6 

U  =  0.9  D  +  1.6  B 

3-7 

U  =  0.9  D  +  1.3W 

3-8 

U  =  0.9D  +  1.3  S 

3-9 

It  should  not  be  less  than  : 


U=  0.8  (1.4  D  +  1.6  L  +  1.4  T) 

(3-10) 

U=  1.4  (D  +  T) 

(3-H) 

The  effect  of  these  straining  action  is  calculated  according  to  art.  (3-3) 
The  dynamic  loads  (K)  may  be  taken  as  an  equivalent  additional  static  load  : 


U=  1.4  D  +  1.6  L  +  1.6  K 


(3-12) 


Taking  into  consideration  what  mentioned  in  eq  n  (3-6) 

C)  Load  factors  for  the  desisn  using  the  elastic  method  and  for 

serviceability  limit  states : 

1)  By  the  design  of  structures  using  the  elastic  method  (art. 3- 1-2)  and  by 
the  calculations  of  the  serviceability  limit  states  (  art.  3-1-1-3  deflection, 
and  crack  width  using  the  elastic  method  )  design  loads  are  considered  to 
be  equal  to  the  working  loads  (art.  3-2-1  -1  -a  ). 

2)  In  cases  of  loading  when  decreasing  dead  load  result  in  increase  of 
straining  actions  in  some  sections,  the  ult.  load  factor  is  taken  (0.9)  for 
dead  loads. 

3)  If  the  dead  loads  increase  the  stability  of  the  structure,  the  working 
loads  are  taken  as  follows: 


1-  0.9  D 

(3-13) 

2-  0.9  D  +  W  or  0.9  D  +  S 

(3-14) 

Note  :  The  allowable  stresses  are  increased,  if  the  wind  or  seismic  loads  are 
included,  as  in  article  (5 -3 -1-9). 
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3-2-1-2  Strength  reduction  factors  (V) 

These  factors  represent  the  safety  factors  required  to  consider  the 
different  factors  affecting  negatively  the  ultimate  strength  of  the  sections. 

They  are  represented  in  the  small  differences  allowed  statistically  in 
the  errors  of  the  dimensions  of  the  sections,  deviation  of  concrete  and  steel 
qualities  from  those  assumed  in  the  design,  and  the  small  errors  in  the 
calculations  due  to  the  design  assumptions. 

The  strength  reduction  factors  differ  according  to  the  type  of  the 

applied  load  (  flexure,  shear  . etc  ),  also  according  to  the  importance  of 

the  member  in  the  structure. 

The  values  of  these  factors  are  as  follows: 

1-  Ultimate  strength  limit  state: 

The  material  reduction  factor  for  the  concrete  strength  (  yc)  .and  for 
the  steel  rft  (ys  )  are  taken  as  follows  : 


Table  :  (3-2)  values  of  material  reduction  factors  yc  &  ys 


a 

-  Axial  and  eccentric  tension 

-Flexure- Shearing  forces-Bond 

-  Torsional  moments-Bearing 

Yc  =  1.50 

Ys=U5  , 

3-15-a 

3-15-b 

-  Eccentric  compression  force 

rc-l- 5{(A-(^)}>1.5 

3-16-a 

b 

e/t  >  0.05 

7  e/t 

Ys=115{(-)-(— )}  >  1.15 
o  3 

3-lb-b 

Table:  yc  &  ys  for  case  of  eccentric  compression  (  e/t  >0.05  ) 


e/t 

0.05 

0.1 

0.2 

0.3 

0.4 

0.5 

Yc  =  l-5{(~)“(~~)}  S  1.5 

6  3 

1.725 

1.70 

1.65 

1.60 

1.55 

1.50 

7  e/t 

ys  =  1.15{(-)-(— )}  >  1.15 
o  3 

1.323 

1.30 

1.265 

1.226 

1.188 

1.15 
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2 Serviceability  limit  states 

The  material  reduction  factors  for  concrete  and  steel  for  all 
serviceability  limit  states  are  taken  as  follows  : 

-  Deflection,  Deformation,  Cracking 

3-2-2  Safety  determination  by  the  elastic  method : 


Yc  =  Ys=  1.0 


(3-17) 


The  safety  of  the  structure  when  using  the  elastic  method  of  design  is 
determined  according  to  chapter  (5). 


3-3  Internal  actions: 

a-  Shrinkage  loads  :  taken  from  code  for  loads, 
b-  Temperature  loads  :  taken  from  code  for  loads. 

c-Long  -  term  strain  of  concrete  (Creep):  taken  according  to  article  (2-3-3-5) 

C-l  Definition  : 

Creep  is  defined  as  the  excessive  deformation  that  take  place  under  effect  of 

some  or  all  the  service  loads,  which  increases  with  time,  the  plastic 

deformations  (8  )  is  added  to  the  instantaneous  elastic  deformation  (8  ) 
v  cr'  v  o' 

resulting  from  direct  loading  of  service  loads. 

C-2:  Factors  affecting  creep. 

-  Creep  increases  as  loading  stresses  increase. 

-  Creep  decreases  if  the  age  of  concrete  increase,  when  loaded. 

-  Creep  increases  as  the  cement  content  increase. 

-  Creep  increases  as  the  water-cement  ratio  increase. 

-  Creep  increases  as  the  member  thickness  decreases. 


C-3:  Estimation  of  creep  strains  (8^  )  in  ordinary  conditions 


instantaneous  strain  (Sq)  equals  to: 

The  strain  due  to  creep  is  taken: 

8  =f0/Ec 

0 

8  =  4)  .  8 
cr  T  o 

Then,  the  total  strain  8t  is  taken: 

s  =e  +8  =  (f0  /  Ec) . 
t  o  cr  x 

(1+  <f>)  (2-4-b) 

Ecis  calculated  from  eqn  (2-1) 

The  value  of  <j)  is  taken  according  to  table  (2-9) 
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Table  (2-9)  values  of  <j) 

- 

Weather 

condition 

Dry  Weather 

R.H  =  55  % 

Wet  Weather 

R.H  =  75  % 

^(mm) 

^  600 

^  200 

^  600 

^  200 

Shrinkage 

Stage 

Dry  shrinkage  (e  x  10'3) 

3-7  days 

0.31 

0.43 

0.21 

0.26 

7-60  days 

0.30 

0.32 

0.21 

0.26 

>  60  days 

0.28 

0.19 

0.20 

0.16 

Age  at 
loading 

4> 

3-7  days 

2.90 

3.80 

2.10 

2.70 

-* 

7-60  days 

2.50 

3.00 

1.90 

2.20 

>  60  days 

2.00 

1.70 

1.70 

1.40 

R.H  ->  Relative  Humidity 

B  =  2  AJPC 

Where:  A*  =  R.C  Section  Area  mm2 

Pc  =  R.C  Section  Perimeter  mm 

t 
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GENERAL  DESIGN  CONSIDERATIONS 


CHAPTER  Ql  (SUMMARY) 

Methods  of  design 

J  ‘  * 


k 

Ultimate 
strength 
Limit  state 


Limit  state 
design  method 

Stability 
'  limit 
state 


Serviceability 

limit 

state 


Elastic 

(working  stress) 
design  method 


k _ ^ _ k 


-  Flexure 

-  Buckling 

-  Deflection 

-  Flexure 

-  Eccent.  force 

-  Overturning 

-  Deformation 

-  Eccentric  force 

-  Shear 

-  Uplift 

-  Crack  width 

-  Shear 

-  Torsion 

-  Sliding 

control 

-  Torsion 

-  Bearing 

-  Bearing 

-  Bond 

-  Bond 

-  Development 

-  Development 

length 

length 

VALUES  OFMATERML  REDUC.  FACTORS  FOR  CONCRETE  yc  & 

STEEL  Js 


1 ) .  Axial  and  eccentric  tension 
.  Bending  moment.  Shearing  force 
.  Torsional  moment.  Bearing  .  Bond 

Yc  =  1.5 

ys  =  1.15 

2)  Eccentric  compression  where 
e/t  >  0.05 

Yc  =  1-5{(A-(^)}>  1.50 

6  3 

7  e/t 

Ys  =  1.15{(-)-(— )}>  1.15 
o  3 

e/t 

.05 

0.1 

0.2 

0.3 

0.4 

0.5 

Yc 

1.73 

1.70 

1.65 

1.60 

1.55 

1.50 

Ys 

1.323 

1.30 

1.265 

1.226 

1.18 

1.15 

3)  Working  limit  states  : 

Deflection-Deformation-cracking 

Yc  =  1.0 

Ys  =  1.0 
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CHAPTER  (4) 

LIMIT  ST  A  TES  DESIGN  METHOD 
4-1-  GENERAL  CONSIDERATION: 

This  chapter  deals  with  the  application  of  the  basis  for  the  design  of  R.C. 
structures  according  to  the  limit  states  design  method  mentioned  in  chapter  (3) 
These  limit  states  ensure  enough  safety  against  failure  where  the  sections 
reach  their  ultimate  limit  strength  and  satisfy  all  serviceability  requirements. 

Limit  states  design  method 


4-2  Ultimate  streneth  limit  states  4-3  Serviceability  limit  states 

4-2-1  Flexure  or  eccentric  forces  4-3-1  Deformation  and 

4-2-2  Shear  deflection  limit  states 

'  4-2-3  Torsion  4-3-2  Cracking  limit  states 

4-2-4  Bearing 

4-2-5  Bond,  development  length  &  splices 

4-2  UL  TIMA  TE  STRENGTH  LIMIT  ST  A  TES: 

4-2-1  TIE  I)  •  FLEXURE  OR  ECCENTRIC  FORCES . 

4- 2-1-1  Basic  assumptions  and  general  considerations:  * 

The  ultimate  strength  limit  state  for  sections  subjected  to  flexure  or  combined 
flexure  and  eccentric  force  should  satisfy  the  equilibrium  conditions, 
compatibility  of  strain  conditions,  as  well  as  the  following  considerations: 

1-  Strain  distribution  along  the  section  are  linear,  therefore,  the  strains  in  the 
steel  reinforcement  and  concrete  are  proportional  to  their  distances  from 
the  neutral  axis.  This  assumption  is  valid  in  all  elements  except  for  deep 
beams  that  have  non-linear  stress  distribution. 

2-  Fig.  (4-1)  shows  the  idealized  stress- strain  relationship  for  steel 
reinforcement.  Yield  stress  limits  are  as  follows: 

3 - a  fy  is  taken  not  more  than  400  N/mm2  for  H.G.  steel  and  wire  mesh  of 

(|)  >10mm. 

3-b.  If  tests  prove  that  fy  for  mild  steel  >240  N/mm2,  this  value  can  be  used 
but  not  more  than  280  N/mm2. 

3-c.  For  cold  wire  mesh:  yield  stress  fy  ^  300  N/mm2. 

El-Behairy  R.  C  Design  Handbook  -  Code  2001  Chapter  (4)  Limit  states 


-219- 


4-  Limit  state  for  cracking  should  be  satisfied  in  the  determination  of  fy  for  the 
used  steel  according  to  clause  (4-3-2). 

5- Concrete  strength  in  tension  is  neglected,  while  steel  rft  resists  all  tension 


6-  Fig.  (4-2)  shows  the  idealized  stress-strain  relationship  for  concrete  in 
compression. 

7-  Maximum  compression  strains  are  taken  as  follows: 

8CU  =  0.003  for  concrete  sections  subjected  to  flexure  or  combined  flexure 
and  axial  force  creating  tension  stress  in  part  of  the  section. 
scu  =  0.002  for  concrete  sections  subjected  to  compressive  axial  force 
applied  at  the  section  centroid. 

8-  According  to  assumptions  No.  (6&7),  the  ultimate  compressive  stress 
distribution  along  the  section  is  taken  as  shown  in  Fig  (4-3). 

9-  Requirements  for  assumptions  (6&7)  could  be  satisfied  in  case  of 
rectangular  ,T  -,  L-  and  trapezoidal  sections  as  shown  in  Fig.  (4-4). 

It  is  assumed  that  there  is  a  uniform  compression  stress  on  the  equivalent 
area  shown  in  Fig  (4-4),  (Equivalent  rectangular  stress  block)  This 
concrete  stress  is  equal  to  0.67  fcu/yc. 

10-  Concerning  circular  sections  and  other  sections  not  mentioned  in 

assumption  (9),  the  ultimate  stress  distribution  is  taken  according  to  Fig.  (4-3). 
An  alternative  distribution  could  be  done  through  calculating  the  equivalent 
depth  of  rectangle  for  the  cases  that  have  the  area  of  the  equivalent  rectangle  is 
equal  to  that  of  the  ultimate  stress  area  and  have  the  same  centroid.  _ 
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11-  For  sections  subjected  to  biaxial  bending  moments  only  or  with  axial 
force,  the  ultimate  stress  distribution  is  as  shown  in  Fig.  (4-3)  and  as 

mentioned  in  assumption  No.  (10). 

_  8Cu=  0.003  0.67  fcu  /  Yc 


£l§k° 

_ 

0.002 

/ 

/ 

+->  1  1 

V  /  ^ 

X  / 

^ —  £s 

Fig.  (4-3):  Ultimate  strains  and  stresses  distributions 


Fig.  (4-4):  Equivalent  rectangle  of  compression  stress  distribution 


Table  (2-4):  Mechanical  properties  of  steel  types 


Steel  type 

Bar 

surface 

Grade 

Yeild  stress 
or  0.2% 
proof  stress 
N/mm2 
(min.) 

Ultimate 

tensile 

strength 

N/mm2 

(min.) 

Elongation 

percent 

(L=10 

Cold  folding 

J 

<j>  mm 

Diameter 

of 

curvature 

Normal 
mild  steel 

smooth 

350/240 

240 

350 

20 

^25 

>25 

2<]> 

3* 

450/280 

280 

450 

18 

$25 

>25 

2  4> 

3  4> 

High 

grade 

steel 

deformed 

520/300 

360 

520 

12 

$20 

>20,  $36 

en  js. 

-©-  -©- 

600/400 

400 

600 

10 

20<  <j>  $25 
25$  4>  <36 

4  (j) 

5  4) 

6  (j> 

Cold  ** 
formed 
welded 
wire  mesh 

Smooth 

or 

deformed 
or  ribbed 

520/450 

450 

520 

8 

— 

— 

*  L  =  measurement  length  (mm),  (f)  =  bar  diameter  (mm). 

**  It  is  not  allowed  to  use  meshes  with  diameters  less  than  5  mm. 
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4-2- 1-2  SECTIONS  SUBJECTED  TO  FT.F.XTIRF,  : 

a)  With  tension  rft.  only: 


Mu=(Asfv/ys)(d-a/2) 


a  =  As  (fy  /ys)  /  [  0.67  b  ( fcu  /  y0  )  ] 
a/d-^0.1  &  yci  > 0.95  d 


H — b  — H 

b  Balanced  section 

Is  the  limit  between  Brittle  and  ductile  failure. 

When  concrete  strain  scu=0.003,  steel  Yield  strain  ey 
reach  their  max  limit  at  the  same  time. 

c)  Max,  ultimate  moment  and  max  %  of  steel 


Sy  ^fy  /  (Eg  Ys  ) 


Scu=0.003 


4-1 


4-2 


4-3 


Max  allowed  B.M.  for  sec  with  tension  rft.  only  M  u  max  =  Rmax  bd2  fcu  /yc 


4-4 


Max  steel  ratio  for  sec.  \x  max=  Asmax  /bd 

with  tension  rft.  only =  [0,67  (fcu  /  yc )  /  (fv  /  ys)]  (amax  /d) 


4-5 


Values  of  Rmax  &  ji  max  are  given  in  table  (4-1).  For  the  case  of  moment 
redistribution  by  ±  10  %.  Table  (4-2)  (see  design  aides). 


Fig.  (4-5):  Bending  moment  redistribution  in  beams 
cQ  Design  of  rectangular  sections  with  compression  rft. 


Mu  =Rmax  (fcu  /Yc)b  d2  +(fy  /ys)As  (d-d  )  (4-6) 
=  max  +  ffy  ^Ys)  (d  ~  d ) 


AS  (^y^s)  0.67  &max  ^  As  (4-7) 

—  /^max  ^  d  ^  y  ^  Ys  AS  ^y  ^  Ys 

^  I 

A s  =  Amax  b  d  +  As 


The  following  conditions  must  he  satis  fied: 

a)  Serviceability  limit  states  for  deflection  and  deformations 

b)  It  is  prefered  that  AVAs  ^  0.4 

c)  Min.  comp,  steel  ft  10  %  tension  steel  ( juf  0. 1  ji ). 

d)  Distance  between  stirrups  >  15  ((). 
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:  i  Check  that  scu.Es  ^  fy/ys 
This  condition  can  be  neglected  if 


fv 

24 

36 

40 

(d'/d) 

d  ^ 

0.2 

0.15 

0.1 

T-and  L  section  (  Height  of  equivalent  stress  block  (a)  >*f) 

i  B 


.  H  rl 

.// 

% 

/  /  * 

H 


As 


M«=0  67(fcu/rc)5tf  [d"(tf/2)] 

(4-8-a) 

=  ^(fy/rp[d-(tf/2)] 

(4-8-b) 

hh-H 


h-DH 


f)  Min.  %  of  steel 
For  R  -  Sec. 

T  -  Sec. 


1-  As  ,the  least  of 

(l.l/fy)bd  orl.3Asreq. 

(4-9) 

but  not  less  than 

0.25  %  bd  (st.  240/350 

0.15  %bd  (st.  360/520) 

For  T  &  L  sec  (b)  is  the  web  width 

2)  Sections  subjected  to  biaxial  bending  Mx.  &  Mv: 

Use  simplified  method  article  (6-4-6)  or  competability  of  strains. 

For  T-sections  with  flange  in  tension  side:  part  of  main  rft.  As/3)  could  be 

distributed  in  the  least  of  flange  effective  width  or  Lo/10. 

Transversal  rft.  should  be  used  to  transfere  shear  force  from  these  bars 
outside  the  web. 

Eccentric  compression  force  t 


Small  Pu  <  0.04  fcu  Ac 
Neglect  Pu 

Design  for  flexure  only 


Small  Mu  <  P.emin 
neglect  Mu 
design  as  column 


Compression  failure  Tension  failure 
Pu  >  Pb  Pu<  Pb 

use  interaction  use  design 

,  diagram  charts  for 

bending 


4-2- 1-3  Sections  subjected  to  Eccentric  corny.  force(combined  flexure  & 


axial  corny)  (  Mu  &  PJ. 

1)  Small  Pu:  Design  under  flexure  only  and  neglect  axial  force  (  use  design 
chart  for  simple  bending)  if  section  is  subjected  to 


Pu  -  0  04  fcu  Ac  (4-10) 


2)  Small  M„:  Sections  subjected  mainly  to  axial  comp,  force  and  small  value  of 


B.M<P.e 


min  5 


e  min  =  Mu/Pu  =  0.05  t  or  20  mm  (4-11) 


design  section  as  column  as  follows: 
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Approximate  design  as  column: 

Tied  Column 

P  =  0.35  f  A  +  0.67  A  f 
u  cu  c  sc  y 

4-12-a 

Spiral  column 

The 
least  of 

Pu  =  1. 14  (0.35  fcu  Ac  +  0.67  fy  Asc) 

P  =  0.35  f  A  +  0.67  A  f  +1.38V  f 
u  cu  k  sc  y  sp  yp 

4-12-b 

V 

v  sp 

^Volume  of  spiral  =  (  n  A^  /  p  ) 

psp  ^  0.36  (fcu  /  fyp)[  Ac  /  Ak  -1 1 

P-sp  VSp  /  Ak 

4-12-d 

4-12-e 

4-12-f 

Ak  =  Concrete  area  surrounded  by  spiral  stirrup. 

Asp  =  Cross  sectional  area  of  stirrup, 
p  =  Pitch  of  spiral  stirrups  (  ranging  from  30  ->  80  mm  ) 
Dk  =  Diameter  of  concrete  core  inside  C.L.  of  spiral  stirrup, 
fyp  =  Yield  stress  of  spiral  stirrups. 

3)  Sections  subjected  to  eccentric  compression  force  ^ 

Compression  failure  i.e  Pu>Pb 
use  interaction  diagrams  (see  design  aids  (part  II). 

4)  Sections  subjected  to  eccentric  compression  force 

Tension  failure  i.e  P  <  P 

u  b 


(use  design  chart  for  simple  bending  ). 

4 -2-1-4  Sections  subjected  to  eccentric  tension  (combined  flexure  and  axiai 


tension ): 

i)  Sections  subjected  to  axial  tension  or  eccentric  tension  acting  between  . 

steel  rft.  -  re^r\c  d-d 

(-<0.5  or  e< - 

t  2 


T 


) 


e 


Tu 


A  = 
si 


T  e 
u  2 


Y 


^1 


(e  +e  )  f 
1  2  y 


A  = 
s2 


T  e  y 
u  1  s 


(e  +e  )  f 
1  2  y 

e 


b)  Section  subjected  to  eccentric  tension  acting  outside  steel  rft.  (  —  >0.5) 

use  design  charts  for  simple  bending  : 

M  andT  e  =  M  IT  e  =e-t/2  + cover 

s  T 


As’ 

A 


u 


u 


u  u 


-T? 

i 


Tu 

-o 


M  =T  e 
us  us 


u 


A  =  fj,  bd  +■ 
s  f  fy 
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:  -  ULTIMATE  STRENGTH  LIMIT  STATE 

BEAMS 


SHEAR 


-1- 2-1-1  Nominal  ultimate  shearing  force 
7 : :  uniform  load  with  comp,  reaction  at  distance  d/2 

=  ^-t-w(-+-)  ,  c  is  the  width  of  the  support 

2  2  2  a 

■  : r  concentrated  load  with  0<2d)  :Q  =  P  .  — 

max  u 

_  d 

F  or  concentrated  load  with  (a  <  -  ):  Q  =  P 

2  max  u 
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4-2-2-1-2  Nominal  ultimate  shear  strength  ( N/mm  ) 

Shear  stress  (  Beams  &  slabs  ) 

q  =  Q  /  (bd) 

u  u 

4-13 

If  variable  depth  ( tan  (3  <  0.33  ) 

If  section  height  decrease  while 
bending  moment  increase: 

Q  =  Q  -(M  tan  B  )  /  d 

ur  u  u 

Q  =  Q  +  (M  tan p ) / d 
ur  u  u 

4-14 

Max.  shear  stress  with  rft. 

a  -0.7  If  !y  <3  N/mm2 

u  max  v  cu  c 

4-15 

Combined  shear  and  torsion 

where:  For  soild  sections 

For  box  sections 

q  =8  .  (0.7  If  /  y  ) 

u  max  si  v  cu  c 

5  .  =1/  /l  +  (q  /q  )2 
si  V  tu 

5si  =  l/[l+(qjqu)l 

4-16-a 

4-16-b 

Torsion  can  be  neglected  if 

q  <0.06  If  /y 

*tu  V  cu  c 

4-17 

•  2 

4-2-2-1-3  Shear  strength  resisted  by  concrete  ( N/mm  ) 

a)  Max.  concrete  shear  strength 
( without  rft. ): 

q  =0.24  If  /y 

CU  V  cu  c 

4-18 

b)  In  case  of  axial  force  Pu  or  Tu 

For  axial  comp 

For  axial  tension 

q  =  d  (  0.24  /f  ly  ) 

^ cu  V  CU  c 

S  =  1  +  0.07 (P  /A  )>1.5 
c  u  c 

8  =1  -  0.  '2(T  /A  ) 
t  u  c 

4-19 

4-20 

c)  In  case  of  combined  shear  & 
torsion  qcu  can  be  neglected 

or  reduced  to  be  : 

q  =8.  (0.24)  /f  h 
cu  si  V  cu  c 

d)  In  case  of  slabs,  footing  &  beams 
with  t  <  300  mm. 

qCu  =  1.3  x  0.24  ijfcu  /yc 

4-2-2-1-4  Shear  resisted  by  rft.  for  beams  : 

If  qu  >  qcu  shear  rft.  should  be  used 
to- resist  qsu 

qsu  qu  0.5  qcu 

4-21 
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2-2-1-5  Shear  rein  forcement  for  beams  : 


VI.  stirrups 

M-  =  Ast  /  (b.s)  =  qsu  /  (fv  /  ys) 

4-22 

:  lined  stirrups 

q  =A  ,(f  ly  )(sina+cosa)/bS 
sub  sb  y  r 

4-23 

or  bent  bars 

where 

q  =  q  -  q 

sub  su  sus 

4-24 

i—i 

II 

•P* 

U\ 

o 

4  u=Au(f  /y)V2/bs 
sub  sb  y  s 

4-25 

For  one  raw  of 

q  ,  =  A  ,  (f  /y  )  sin  a  /  bd 

sub  sb  y  s 

4-26 

bent  bars 

4-27 

On  condition  that 

<0.24  f  ly 
sub  v  cu  c 

4-2-2-1-6  General  recommendations  for  arranging  web  rft. 


st  240/350 

st  350/520 

0.15  % 

0.10% 

i) 


_  As  _  0.4 


mm 


bS  (fy) 


< 


^  5  <|>  6  /  m' 


4-28 


2) 


If  b  >  400  mm  or  b  >  t,  use  4  branches  stirrups  with  max  spacing 
250  mm. 


3) 


If  t)  -^t.  P-min  Astmin/(b-S)  (0-4/ (fy)(C}u/ Qcu)  whetC  (Clu/Cjcu)^  I 


4-29 


4) 


The  following  structural  members  should  be  designed  on  basis  that 
shear  stress  is  resisted  by  conerete  only  according  to:  (0.5  qcu  >  qu) 
Taking  into  account  that  the  concrete  resitstance  to  shear  (qcu)  is 
increased  by  30%,  i.e:  qcu^  0.5  x  1.3  x  0.24  y]fcu  /y{ 

These  members  include: 

1-  Footings  and  slabs 

2-  Beams  with  t  <  The  bigger  value  of  (  250  mm  or  2.5  tf  or  0.5 
Byy)  This  case  is  valid  for  embedded  beams  and  hollow  slabs 


4-30 


0-16  -Jfcu  /  Y( 


5) 


Max,  spacing  between  vl  stir.  D/2  >  200mm 


6) 


Max.  spacing  between  bent  bars  =  d  or  1 .5  d  If  qsu  <  1.5  q 


7) 


All  lines  with  '45°  from  beam  center  must  cut  a  bent  bar. 


8) 


For  shear  rft.  max.  fv  =  400  N/mm2  for  all  steel  types 


9) 


Avoid  construction  joints  at  zones  with  high  shear  stresses, otherwise 
check  friction  shear  (  4-2-2 -4  ). 


effective  length  for  bent  /  Q\  £ 


T3 


Fig.  (4-8):  Effective  web  reinforcement 
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4-2-2-2  Slabs  and  Footings  : 

1-  Shear  stresses  in  slabs  &  footings  are  calculated  in  the  two  directions  i: 

beams  (one  way  shear)  according  to  articles  (4-2-2- 1-1) ,  (4-2-2- 1-3),  ar : 
(4-2-2- 1-6-d).  J 

2- Punching  shear  stresses  are  calculated  according  to  article  (4-2-2-3) 

4-2-2-3  Punching  shear 


The  critical  section  for  punching  shear  in  slabs  and  footing  is  at  a  distance  c  1 
around  the  circumference  of  the  concentrated  load  . 


b)  Punching  shear  qup  =  Qup/  b0  d  where  b0  =  2(  a+b+2d) 

4-31  1 

iii)In  flat  slabs,  punching  shear  resulting  from  moments  transfered  from 
slabs  to  columns,  should  be  taken  into  consideration  (6-2-6-7) 

d)  Nominal  concrete 
punshing  strength  equal 
the  least  of: 

q  =0.8[— +0.2]  If  /y  N/mm2 

Mcup  Lb  .  V  cu  c 

0 

q  =  0.316[0.5  +  (a/b)]^f  /y  N/mm2 

cc  =  4  interior  col.  =3  external  col. 

=  2  corner  col. 

4-32-a 

4-32-t 

e)  Max.  q  <0.316 

cup  v 

f  !y  N/mm2 
cu  c 

4-33 

f)  Slab  and  footings  thickness  are  determined  as  concrete  only  resist 
the  punching  shear  as:  qcup  ^  qup 

4-34 

loadm&area 
Equivelent  loading  am 


Edge  column  Comer  column  Non-  rectangubr 

column 


Interior  column 

Fig.  (4-9):  Critical  sections  for  punching  shear 
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-2-2-4  FRICTION  SHEAR 

This  article  is  applied  when  shear  is  transfered  by  friction  as  in 
construction  and  casting  joints. 

The  shearing  forces  are  resisted  completely  by  rft.  and  concrete  resistance 
is  neglected.  Rft.  for  friction  shear  is  calculated  as  follows: 


:)  If  the  rft.  perpendicular  )  +  Nu/(fy/yS) 

to  shear  plane  sf  vu  v  s'  v  J  1 


(4-35) 


I '  If  Rft.  inclined  by  ctf  to  shear  plane 

A  =Q  /[(f  /y  )({isina  +  cosa  )]  ±  Nu /[(Fy  /  ys)  sin  a  ]  (4-36) 
si  u  y  s _ r _ t _ i  v  7 


c) 


p  =  coefficient  of  friction 
1 1=  1.20  Monolethic  concrete  joints 
=  0.80  rough  surface  with  roughness  depth  ~  5  mm. 

=  0.50  roughness  depth  <  5  mm  or  steel  element  fixed  on 
concrete  members 


d)  Max  friction  shear  stress  : 


o  /A  <  0.15 f  /y  <4.0  N/mm 
u  c_ cu  c 


where  Ac  is  area  of  cone. resisting  friction  shear 

e)  For  friction  shear  rft.  max  fy  =  400  N/mm  for  all  steel  types. 

f)  In  case  of  tension  +  equations  (4-35)  &  (4-36)  shear,  the  area  of  steel  should 
be  increased  to  resist  the  tension  as  in. 


4-2-2-S  BRACKETS  AND  CORBELS 

a)  Short  cantilevers  with  :  a  <  d 

b) 


Main  Reinf.  As 
the  bigger  of 


An  +  Af  or 
A„  +  (2/3)  Arf 


but  not  less  than  4-3  7-a 

p  =  As  /  bd  >  0.03  fcu  /  f  4-37-b 


(closed  stirrups  or  ties) 
Ah 


Fig.  (4-10):  Short  cantilevers 
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Mu  =  Qu.a  +  Nu  (t  +  A  -  d)  (4-38) 


An  =  Nu  /  (fv  /  Ys) 


Af  =  Steel  area  required  to  resist  flexure. 

An=  Steel  area  required  to  resist  tension 
Arf  =  Steel  area  required  to  resist  friction  shear  (eqn  (4-35)  or  (4-36)) 
Qu  =  max  shearing  force  ^  value  in  art.  (4-2-2-4-b) 

Nu  =  tension  force  (considered  L.L.) 


(4-39) 


A,  =  0.5  (A.  -An)  (4-40) 


c)  HI.  Rft.  (closed  stirrups) 

To  be  arranged  at  2/3  d  from  top. 

iv)  For  cases  in  which  the  short  cantilever  is  exposed  to  torsion  moment  due  to 
eccentricity  of  loads  or  due  to  horizontal  forces,  VL  stirrups  should  be  added  to 
satisfy  the  section  resistance  to  torsion  moments.  In  all  cases  the  web  rft.  should 
not  be  less  than  the  conditions  mentioned  in  article  (4-2-3) 

v)  Bearing  strength  must  be  checked  according  to  art.  (4-2-4)  and  loading  area 
must  not  be  extended  beyond  the  straight  part  of  main  steel  rft.  (fig.  4-10) 

4-2-2-6  DEEP  BEAM  IN  SHEAR: 

See  art  (6-3-2)  for  deep  beam  conditions 

i)  This  article  is  applicable  only  for  deep  beams  loaded  at  top  surface  by  comp 
stresses 

ii) The  critical  section  for  shear  is  at  the  following  distance  from  support  face: 


for  uniform  load 


for  cone,  load  at  distance  (a)  from 
support  face 


0.15  Ln 


0.5  a 


But  not  more  than  d/2  from  face 
of  support 


c)  Shear  stress 

where  g  =  the  least  of  clear  span  or  effect.  Dept 


qu  =  Qu/(bg)  (4-41) 


d)  Max  shear  stress: 


qu =6d  (0.70  /  yc )  N  /  mm 2  w 

here  Sd  =  ( j)  [2  +  (0.4  Ln  /  d)] 


4-15 

4-42 


e)  Concrete  shear  strength 
where: 


9™  =  5*  (0  24  Vfc„  /rc)  N/mm2 
$*-3.5-2.5(M,/Q.  d) 


4-18 

4-43 


but  should  not  be  more  than  qcu  <  0.46^/fcu  /  yc  N/mm2 


4-44 


0  If  qu  >qcu  use  shear  rft  where  9SU  =9U  -  0  5  Ocu 


4-45 
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2 »  Calculations  of  shear  Reinforcement 


Shear  stress 

Qsu  §V  Qsuv"^  Qsuh 

4-46-a 

HI.  shear  stress 

qs»h=OVSh)(f;/bys) 

4-46-b 

VI.  shear  stress 

qSuv=(Av/Sv)(^,/bys) 

4-46-c 

where  : 

Sh  =(ll-L„/d)/12 

4-46-d 

and 

<?„  =  (l  +  L„/d)/12 

4-46-f 

where  :  Ah  =  HI.  shear  rft.  &  Av  =  VI.  shear  rft. 

Sh=  Distance  between  HI.  stirrups. 

Sv=  Distance  between  VL.  stirrups. 

Ln  =  clear  span  . 

The  shear  rft.  is  continue  with  the  same  value  along  the  all  span. 


st  240/350 

st  360/520 

h)  Min  rft.  for  deep  beam  : 

VI  Rft 

Av/bSv  > 

0.2  % 

0.15  % 

HI  Rft 

Ah/bSh^ 

0.25  % 

0.20  % 

Where  Sv  <  the  least  of  2b  or  V3  d  &  <  250  mm. 

Sh  <  the  least  of  2b  or  V3  d  &  <  250  mm. 
i)  Main  rft  must  extend  allover  beam  length  with  enough  anchorage 


length  to  support. 

j)  Web  rft.  must  be  designed  for  cases  of  loading  producing  tension  or 
loaded  side  and  by  lateral  loads. 
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ULTIMATE  LIMIT  SHEAR  (N/mm2) 

TABLE  :  VALUES  OF  ULTIMATE  STRESSES  OF  CONCRETE 
(SHEAR  -  PUNCHING  -  FRICTION  -  TORSION  -  BOND  -  BEARING- 

MODULUS  OF  ELASTICITY) 

2 

Characteristic  cone.  Strength  N/mm 

f 

ACU 

20.0 

25.0 

30.0 

35.0 

40.0 

She. 

1- 

ar  only 

Max.  shear  stress  with  rft. 
»=0'7Vft»//c  (4-15) 

Qmax 

2.55 

2.86 

3.13 

3.38 

3.61 

2- 

Cone,  shear  strength  without 
■*.  «.=0.24Vf»/y.  (4-18) 

Qcu 

0.88 

0.98 

1.07 

1.16 

1.24 

Cone,  strength  for  slabs, 
footings  &  beams  with  d  <  300 
mm 

=1.3x0,24  ^4,  lyc 

Qcu 

1.14 

1.27 

1.39 

1.51 

1.61 

4- 

Max  concrete  Punching 
strength  :qcllp  =0.316^  ly„ 

qCuP 

1.15 

1.29 

1.41 

1.53 

1.63 

5- 

Frition  shear  strength 
<W=Q»/At=0-15fc»/l'c 

Qu 

fric 

2.0 

2.5 

3.0 

3.50 

4.00 

6- 

Deep  beams:  max  concrete 
shear  strength  9cu  =0-46  Vfcu  1  Yc 

qcu 

1.68 

1.88 

2.06 

2.22 

2.37 

7- 

Torsion  stresses  can  be  neglected 
H:q„<0.06^tca/yc  (4-17) 

qtu 

0.22 

0.25 

0.27 

0.29 

0.31 

8- 

Bond  strength 

L  =°.3/fcu  /y. 

fbu 

1.10 

1.22 

1.34 

1.45 

1.55 

9- 

Bearing  strength  =  0.67  fcu  /  yc 

fbea 

8.90 

11.2 

13.40 

15.6 

17.9 

10 

Modulus  of  elasticity  Ec 

Et  =  4.4  KN/mm2 

Ec 

20.0 

22.0 

24.0 

26.0 

28.0 
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SUMMARY 

4-2-2  ULTIMATE  LIMIT  STATE -SHEAR 

SHEAR  EQUATIONS  (Kg/cm2) 

I)  Nominal  ult.  shear  stresses 

!  Shear  stress  (Beams  &  slabs) 

q„=Q/(bd) 

4-13 

If  variable  depth  (tan  p  <  - ) 

3 

Qur=Qu  "(M  tan  P)  /d 

4-14 

Max.  shear  stress  with  rft. 

q»m»  =  2-2JL/vc  ^30 

4-15 

2)  Shear  strength  resisted  by  concrete 

a)  Max.  concrete  shear  strength 
( without  rft.) 

qc„  =o.75  Vc/y, 

4-18 

b)  In  case  of  axial  force  Pu  or 
Tu  on  the  section 

qcu  =  s  (o.75  Vf^7) 

For  axial  comp. 

For  axial  tension 

6C  =1 +0.007  (P„/Ac)  *1.5 

8,  =1-0.0  2(TU/AC) 

4-19 

4-20 

c)  In  case  of  slabs,  footing  & 
beams  with  d  <  300  cm 

q_  =1.3x0.75  Jfjy. 

3)  Shear  resisted  by  Rft.  for  beams 

If  qu  >  qcu  shear  rft.  should  be 
used  to  resist  qsu  where 

qsu=qu-0.5qcu 

4-21 

4)  Shear  Reinforcenent  for  beams 

a)  VI.  stirrups 

qsul  =  A,t(fy/ys)/bs 

4-22 

b)  Inclined  stirrups  or  bent  bars 

fy  • 

A  .  ( — )  (sin  a  +  cos  a) 

4-23 

where 

qsub  qsu  -  qSus 

4-24 

c)  If  a  =  45° 

qSub=Asb(fy  /y^V^/bs 

4-25 

d)  For  one  raw  of  bent  bars 

qSUb=  Asb(fy  /  ys)  sin  a  /  b  d 

4-26 

On  condition  that 

qs»b  ^°-75  Vf cu/Tc 

4-27 
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4-2-3  ULTIMATE  STRENGTH  LIMIT  STATE: 

TORSION 

4.2.3.1  Critical  section  for  torsion 

it  distance  d/2 

) 

a)  At  sec  of  max  torsional  moment. 

b)  In  case  of  max  Mt  at  support,  the  critical  section  is  a 
from  face  of  support. 

4.2.3.2  Nominal  Ultimate  shear  stresses  due  to  torsion  (a*, 

a-  For  solid  R.C.  Sections: 


qtu  =  Mt^Aote  (4-47) 


Where  Ao  is  the  area  enclosed  by  the  center-  line  of  the  shear  flow  zone. 
Ao  can  be  taken  equal  to  0.85  Aoh  ,  where  Aoh  is  the  area  enclosed  by  the 
center-  line  of  the  outer  closed  stirrups 

te:  is  the  effective  thickness  of  the  equivalent  thin  walled  tube. 

te  can  be  taken  equal  to  (Aoh  /  Ph)  where  Ph  is  the  perimeter  of  the  outer 

transverse  torsional  Rft.  (Fig.  4- 11 -a). 

b-  For  L  &  T  sections,  the  effective  part  of  the  slab  can  be  neglected,  and 
the  section  is  treated  as  R-section 

c-If  the  effective  part  of  the  slab  is  taken  into  consideration  in  calculating 
the  torsional  stresses,  the  following  conditions  must  be  satisfied: 

*  Effective  width  of  slab  ^  3  times  slab  thickness  (Fig.  4-11  -b). 

*  Effective  width  of  slab  must  be  reinforced  with  web  rft. 

d-  For  box  sections  : 

The  shear  stresses  due  to  torsion  can  be  calculated  using  eq.  (4-47) 
where  te  is  the  smaller  of  (Aoh/Ph)  or  the  smallest  actual  thickness  of  the 
walls  of  the  box  section. 


Opening  Closed  stimips 


£ 

1 

/ 

7} 

2 

Loh 


0 


7! 

V/ 


Fig.  (4-1 1 -a):  Definition  of  Hatched  area 
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Fig.  (4-11-b):  Effective  width  of  slab  for  torsion 


4,2,3 ,3  Torsion  effect  can  be  neglected  if: 

4.2.3.4  Maximum  nominal  shear  strength: 


qtu  <0,06 Jfjr„  (4-17) 


For  section  subjected  to  torsion  and 
shear  with  web  &  longit.  Rft.: 


For  solid 
sections 


For  box 
sections 


For  torsion  =o.78ti^/fal/y(4-48-a) 


<7* 


1 


((!  +  [%) 

<ltu 


(4-49-a), 


Stt  = 


1 


(i + [%) 


(4-49-c), 


qu(niax)  =0-7s^fcu/Y~ 


8si 


1 


(i + i^-i2 ) 
4u 


(4-49-b) 


- 


1 


(1  +  [% 


(4-49-d) 


Table  (4-4-a):  Values  of  6si  and  ^  for  solid  sections 

Qu/ Qtu 

0.25 

0.50 

0.75 

1.00 

1.25 

1.50 

1.75 

2.00 

2.25 

2.50 

5u 

0.97 

0.89 

0.80 

0.70 

0.62 

0.55 

0.50 

0.45 

0.41 

0.37 

5Si 

0.24 

0.45 

0.60 

0.70 

0.78 

0.83 

0.87 

0.89 

0.91 

0.93 

Table  (4-4-b):  Values  of  6Si  and  5ti  for  box  sections 

Qu/ Qtu 

0.25 

0.50 

0.75 

1.00 

1.25 

1.50 

1.75 

2.00 

2.25 

2.50 

Sti 

0.80 

0.67 

0.57 

0.50 

0.44 

0.40 

0.36 

0.33 

0.31 

0.29 

Ssi 

0.20 

0.33 

0.43 

0.50 

0.56 

0.60 

0.64 

0.67 

0.69 

0.71 

4. 2. 3.5:  Torsion  and  shear  reinforcement: 

1  torsion  and  shear  stresses 
and  could  be  calculated  as 

a)  The  reinforcement  required  to  resist  combi ne( 
consists  of  closed  stirrups  and  longitudinal  bars 
follows: 
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Table  (4-5)  Transverse  rft.  Resisting  torsion  &  shear 

feu 

qtu  <  0.06  -y  y  N/mm2 

f 

1  CU  o 

qtu  >  0.06  y  y  N/mm2 

qu  —  qcu 

Use  minimum  stirrup 
(4 2-2- 1-6) 

Use  stirrups  to  resist  qtu 

qu  ^  qcu 

Use  stirrups  to  resist 

(qu-  (qcu/2)) _ 

Use  stirrups  to  resist 

Qtu  &  (Qu-  qcu  /2  ) 

b)  The  area  of  one  leg  of  closed 
stirrups  for  torsion  (Astr) 

Astr  —  Mtu  .  S/[2Ao  (fyst/Ys)] 

(4-50) 

For  rectangular  sections, 

Astr  =  Mtu  -S/[1.7(xiyi)  (fyst/Ys)] 

(4-51) 

Where 

Astr  =  area  of  one  branch  of  stirrups  required  to  resist  torsion. 

FySt  =  yield  stress  for  steel  used  as  stirrups,  but  not  more  than  400  N/mm2 
xi  =Width  of  rectangular  stirrups  measured  between  center-  Lines, 
yi  =Length  of  rectangular  stirrup  measured  between  center-  Lines. 

Aq  =0.85  A0h. 


(2Astr  Agt) 


AJL 


Fig.  (4-12):  Details  of  rft.  for  shear  and  torsion 
(stirrups  with  2  branches) 

Notes: 

i)  Cross  sectional  area  of  stirrups  required  for  torsional  moment  and  shear 


force  resistance 
following  eqn: 


mus 


not  be  less  than  the  area  calculated  from  the 


(2Astr  +  Ast)  >0.35  (  s.b)  /  (  fvst  /  ys) 


(4-52) 


ii)  Spacing  between  stirrups  >  the  least  of  (Pi/8)  or  200  mm. 

iii)  For  sections  having  stirrups  with  more  than  two  branches,  the  external 
stirrup  with  two  banches  only  is  taken  into  consideration  in  torsional 
resistance.  [Fig.  (4-13)]. 
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nFor  box  sections,  it  is  allowed  to  use  the  longitudinal  and  transverse  rft. 
on  the  outer  and  inner  section  perimeter  in  torsional  moment  resistance  if: 

Wall  thickness  (tw)  ^  1/6  section  breadth. 

Otherwise,  reinforcement  on  the  outer  perimeter  only  is  used  in  resisting 
the  torsional  moment. 


(2A  str  +  Ast/2  ) 


t. 

'j 

' 

a - 

• 

e 

• 

• 

(Ast/2) 

§ 

;  * 

K 

Jh. 

H 

Fig.  (4-13):  Details  of  torsion  and  shear  rft 
(more  than  2  branches) 


c)  Additional  long  rft. 

A,=[AstrPh/s](fyst/fy) 

4-53-a 

and  not  less  than 

-T  /  **  41 *—  If 

/va-i-o.46  cuAcn  ,  N 

y  y  p  f  a  \  ( f  i 

A  _  V  'c  ^str  p  V 

4-53-b 

si  min  _p  o  h  r* 

Iy  V  ^  J  k  *  J 

Where  Aq, :  The  whole 

This  long  rft.  is  distribr 

-  min  <\>  is  the  bigger  ol 

-  max  distance  betweei 

-  One  additional  long. 

-  This  long.  rft.  is  adde 

d)  The  torsion  rft  (lorn 
=  Vz  perimeter  of  stirruj 

section  area  including  opening,  ^sfr  <  ^  ^ 

ited  at  the  outer  perimeters:  -J-nr 

r  12  mm  or  s/15  . 
n  long  rft  300  mm. 
bar  should  be  put  at  each  corner, 
d  to  the  rft  from  bending. 

ptudinal  &  transverse)  must  extend  to  a  distance 
3S  after  the  last  section  of  the  beam  required  this  rft. 
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4-2-3-6  Moment  Redistribution  for  Statically  Indeterminate  Structures 

Section  and  steel  Rft  must  be  designed  as  previously  mentioned  based  on 
the  following  conditions: 

i)  It  is  not  allowed  to  redistribute  the  moments  in  statically  indeterminate 
structures  for  which  torsional  moment  is  essential  for  equilibrium 
('equilibrium  torsion). 

b)  It  is  allowed  to  redistribute  the  moments  in  statically  indeterminate 
structures  for  which  torsional  moment  is  not  essential  for  equilibrium 
(compatibility  torsion). 

In  this  case  the  ultimate  torsion 
moment  can  be  reduced  to 


Mtu  =  0.316 

(  2  ^ 
A  q> 

cu  (4-54) 

p 

k  ^cp  ) 

v  y  . 

Where:  Pcp  is  the  outer  perimeter  of  the  section  and  in  this  case  flexure  and 
shear  forces  must  be  redistributed  in  the  adjacent  spans. 

4-2-3-7  Torsional  rigidity  of  concrete  sections 

i)For  rectangular  section: 

torsional  rigidity  =  (G.C)  where:  G  =  0.42Ec,C  =  (3  r\  t  b3  (4-55) 
rj  =  0.7  for  uncracked  rectangular  sections  Where  qni  <0.316  ,/fcu  /  n 
rj  =  0.2  for  cracked  rectangular  sections. 

P  =  Coefficient  depending  on  (— )  ratio  given  in  table  (4-6) 

b 

Table  (4-6):  Values  of  coeff.  p  for  calculating  the  torsional  rigidity 


t/b 

1.0 

1.5 

2.0 

3.0 

5.0 

>5.0 

0.14 

0.20 

0.23 

0.26 

0.29 

0.33 

Torsional  rigidity  of  T-,L-  &  box  sections  can  be  obtained  by  dividing  them 
into  rectangles  according  to  article  (4-2-3-2). 

b)  For  cases  of  accurate  calculations,  the  torsional  rigidity  can  be  detemined 
using  the  space  truss  theory. 
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Torsion  Eqns  (N/mm  ) 


SUMMARY 


1)  Ultimate  shear  stresses  due  to  torsion 


For  sections  of  any  shope  sec. 


Qtu  =Mtu/2A  t 


oe 


4-47 


2)  Max.  shear  strength  for  sec.  subjected  to  torsion  &  shear 


with  web  & 

long,  rft 


(torsion)  qtu(max) 0-75ti  Au^c  N/mm 


4-48-a 


(shear)  qu(max)  ^si  V^cu  ^  Yc  N/mm 


4-48-b 


For  solid 

sections 


5ti  =l/V[l  +  (qu/q,u)2]  8si  =  1/ -J[l  +  (qtu / qu)2] 


4-49-a,b 


For  box 

sections 


5u  =1/l1  +  (flu  /  qt.)]  5si  =  m  +  (qt„  /  qu)] 


4-49-c,d 


3)  Torsion  should  be  considered  if  qcu  >  o.06  ^fcu  /  yc 


4-17 


4)  Reinforcement  (  Torsion  and  shear): 


i  -  Colsed 

stirrups 
or  welded 
wire  mesh 


li  - 

longitudinal 

Rft. 


Astr  Mir^d^Ag  *  (fyst  / Ys)] 


4-50 


ForRec.  Section  Astr  =  Mtu-s/F-7(x1-y1  )*(fySt/Ys))l 


4-51 


Check  that  (2Astl.  +  Ast)  >  0.35 


(S.b) 


(fydAs) 


4-52 


AjI  _  (  A,fcPh  } 

^  f  y 


_  °-46V(f cu/rP  Acp  Astr,  fyst 
Asl  min  7  )Ph(— — ) 

I  V  Iv 


4-53-a 


4-53-b 


5)  Moment  reOdistribution  for 

statically  indeterminate  structures: 


f 


Mtu  =  0.316 


A 


cp 


cp 


cu 


4-54 


6)Torsional  rigidity  of  concrete 

sections 

Torsional  rigidity  =  G.C 
Where:  G  =  0.42  Ec ,  and 


C  =  p  b3 1  ri 


4-55 
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Torsion  Eqns  (kg/cm2)  SUMMARY 

1)  Ultimate  shear  stresses  due  to  torsion 

For  sections  of  any  shape.  qtu  =  Mtu  /  2A0te 

2)  Max.  shear  strength  for  sec.  subjected  to  torsion  &  shear 

4-47 

with  web  & 

long,  rft 

(torsion)  q^^  =  2.25^  VfcU  /  Yc 

4-48-a 

(shear)  qu  (max)  =  2.25si  J fcu  /  yc  kg/cm  2 

4-48-b 

For  solid 
sections 

6U  =  1/Vp + (q. /q,u)2]  Ss,  =  1  /^[i  +  (Qn,  /qu)2] 

4-49-a,b 

For  box 
sections 

5(l  =l/[l  +  (q./qj]  5„  =l/[l  +  (qtu/qu)] 

4-49-c,d 

3)  Torsion  should  be  considered  if  ^  q„„  =o.o6^„  /  y,. 

4-17 

4)  Reinforcement  (  Torsion  and  shear): 

i-  Colsed 
stirrups 
or  welded 
wire  mesh 

a-=m21  vjv 

4-50 

M  S 

For  Kec.  Section  A*  -  ,  “  v  .  '<f  * '  1) 

4-51 

Check  that  (2  A.,_+  A.t)  >  0.35  (S-b)  - 

Astr  Ast'  (fyst/Ys) 

4-52 

ii  - 

Long  Rft.  as,  -(Astr‘Ph)(fyst) 

S  f  y 

1.455  ^(fcu/yc)  Acp  Astr.  ,fyst. 

Asl  min  ,  “(  s  )ph(  f  ) 

fy  15  fy 

4-53-a 

4-53-b 

5)  Moment  redistribution  for  statically 
indeterminate  structures: 

l  pcr  J Vc 

4-54 

6)Torsional  rigidity  of  concrete 

C  =  3  b3 1 T] 

4-55 

sections 

Torsional  rigidity  =  G.C 

Where:  G  =  0.42  Ec 
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4-2-4  ULTIMATE  STRENGTH  LIMIT  STATE: 


BEARING 


4-2-4-1  Max.  concrete  bearing  strength  =  (0.67  fcu  /  y  c )  Aj 

4-2-4-2IfA2>A!  “  “  “  =  (0.67  fcn  /  yc)  A,  ,/A,  /  A, 

where  :  ,/A,  /  A,  <  2.0 

Ai  =  loaded  area. 

A2  =  the  biggest  area  that  coincide  with  Ai  and  symmetric 
with  it.  figure  (4-14) 

4-2-4-3  If  the  resisting  surface  has  inclined  surface  or  pyramidical  shape,  area 
A2  is  taken  equale  to  bottom  base  area  for  the  biggest  cone  inside  the 
incomplete  pyramidical  shape  which  its  upper  base  is  the  loading  surface  and 
has  a  side  slope  2:1. 


Aj  Loading  area 


~  Load 


—y - ^1 

Measured  on  this  plane  A  2 


Elevation 


Plan 


Fig.  (4-14):  Determination  of  area  A2for  bearing  zones  with  side  slope 


4-2-5  BOND,  DEVELOPMENT  LENGTH  AND  SPLICIES 

4-2-5-1  Development  length 

i)  Steel  bars  must  extend  beyond  the  critical  sections  for  tension,  comp.. 


and  S.F. 


by  development  length 

Ld  =  <|>  a  P  r\  (fv  /  ys )  /  (4  fbu 

)  (4-56) 

ii)  Ultimate  cone,  bond  stress  : 

fbu=0.30^/fcu/Yc  N/mnr 

(4-57) 

where  : 

({)  =  nominal  diameter  of  bar. 

T)  =  1.3  for  top  rft.  with  concrete  below  it  more  than  300  mm. 

=  1  for  other  cases. 

a  =  Correction  factor  for  shape  of  bar  ends  (  with  or  without  hooks  ), 
table  (4-7). 

P  =  Correction  factor  for  kind  of  bar  surface  (smooth  or  deformed), 
table  (4-8). 
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c)  Development  length  can  be  taken  from  table  (4-9)  for  r\  =  1.0  &  fcu  > 
20  N/mm2. 

d)  Ld  should  not  be  less  than  400  mm  for  smooth  bars,  and  300mm  for  bars 
with  indentations. 

e)  Distance  between  bars  and  concrete  cover  must  be  taken  according  to 
chopter  (4)  and  chopter  (7). 

_ Table  (4-7)  Values  of  coefficient  “  q“ _ 


Steel  type  and  shape  of  bar  end 


Coefficient  a 


tension 


compression 


A-  Bars  r 

1-  bars  with  straight  enus 


V 


i 


1.00 


1.00 


0+D 7  D 


2-  U-  hook 

(normal  mild  steel) 


0.75 


1.00 


3-  L  -  hook 

(high  grade  steel) 


* 

5* 

* 


0.75 


1.00 


4-  V-  hook 

(high  grade  steel) 


/so-' 


0.75 


1.00 


B-  Welded  wire  mesh 


1-  Straight  bars  end  without^  ^ 
any  transverse  bars  within  lengtn 


1.00 


1.00 


2-  Straight  end  with  one  welded 


cross  bar  within  length  Ldr 


Ar 


0.70 


0.70 


Straight  end  with  two  welded 


cross  bar  within  length  Ld 


A r 


0.50 


0.50 


For  mild  steel  D  =  4  <\> 

For  high  tensile  Steel  D  =  6  0  for  6mm  through  25mm. 

D  =  8  (J  for  more  than  25mm. 


EI-Behairy  Design  Handbook  Code  2001  -  Chapter  (4)  De\’elopment 


-242- 


Table  (4-8)  Values  of  correction  factor  ( 

3) 

Type  of  reinforcing  bars 

bars  in  tension 

bars  in 

compression 

1-  plain  bar 

1.00 

0.70 

2-  deformed  bar 

0.75 

0.50 

3-  deformed  bar  withen  2  bar  bundle 

1.10 

0.75 

4-  deformed  bar  withen  3  bar  bundle 

1.20 

0.80 

Table  (4-9)  Development  length  Ld  as  multiplier  of  (j)  ( r\ 


=  1.0) 


Type  of  steel 

bars  in  tension 

bars  in 
compression 

Min.  Ld 

straight 

with  hook 

Smooth  bars  240/350 

- 

40  0 

40  O 

400  mm 

deformed  bars  280/450 

50  0 

40  0 

40  O 

300  mm 

deformed  bars  360/520 

60  0 

45  0 

40  0 

300  mm 

deformed  bars  400/600 

60  0 

45  O 

40  0 

300  mm 

*  Above  values  should  be  multiplied  by  r]  =  1.3  for  top  rft.  so  placed  that 
more  than  300  mm  concrete  is  casted  below  it . 

Values  of  ultimate  bond  strength  of  concrete  fbu  =0.30  ^]fm  /  yz 


feu  (N/mm2) 


17.5 


20.0 


22.5 


25.0 


27.5 


30.0 


fbu  (N/mm") 


1.025 


1.10 


1.16 


1.22 


1.28 


1.34 


4-2-5-2  Development  length  for  shear  rft. 

a)  Bent  bars  must  extend  beyond  the  inclined  length  by  the  development 
length  in  tension  or  compresion  according  to  the  zone  at  which  the  bars 
ends,  and  calculated  according  to  art.  (4-2-5-1-b). 

b)  Stirrups  should  be  anchored  in  comp,  zone  (fig.  4-15  ). 


10  0 


</ 

• 

— • 

IS 

o 


Fig.  (4-15):  Anchorage  of  stirrups  in  beams 
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4-2-5-3  Development  of  flexural  rft. 


a)  If  the  curtailment  is  at  tension  or  compression  zone,  steel  bars  must  be 
extended  to  a  distance  not  less  than  (Ld+0. 3d)  measured  from  the  critical 
section  at  which  the  stresses  is  max  in  steel  bars.  Anchorage  length 
(distance  between  bars  end  and  the  section  at  which  this  bars  is  not 
necessary  for  flexure  resistance  )must  not  be  less  than  the  bigger  of  d  or 
(0.3d  +  1 0(J))  measured  from  bending  moment  diagram  (Fig.  4-16). 


b)  If  the  curtailment  is  at  tension  zone  Either 


qu  <  2/3  (0.5  qcu  +  qsu  )  (4-58) 


orAstr.  at  this  sec.  =  Astr.  for  shear  and  torsion  +  Ast 
where  :  A^  =  0.40  b  s  /  fy 


This  additional  stirrups  distributed  at  0.75  d  from  point  of  end  ofbars 

(Fig  4-17)  taking  S  7*  (d  /  8  (3),  where  : 

S  =  spacing  between  stirrups. 

(3  =  area  of  stopped  rft.  /  total  area  of  rft.  at  this  sec 

c)  For  simply  supported  and  continous  elements,  1/3  of  postive 
moment  rft.  must  be  extended  inside  the  support.  For  beams, 
distance  between  support  center-line  and  bar  end  must  not  be  less 
than  150  mm  taking  into  consideration  development  length 
conditions  in  art.  (4-2-5-3-d). 

d)  At  simple  supports  and  points  of  zero  moment,  development  length  at 
sections  given  in  art.  (4-2-5-2-b)  must  be  checked  be  the  following 
relation  (Fig.  4-18): 


oc  (Mu/Qu)  +  La  ^  Ld  +  0.3  d  (4-59) 


Where:  Mu=  Ultimate  moment  for  section  reinforced  with  steel  Rft.  extended 
inside  supports,  considering  that  stresses  in  steel  Rft.  equal 

fy/Ys- 

Qu=  Ultimate  shear  force  calculated  at  the  same  section  at  which 
Mu  was  calculated. 

La=  bar  extension  length  after  support  center-line  or  bar  extension 
length  after  point  of  zero  moment  (point  of  inflection),  and  the 
max.  value  of  La  in  this  case  is  the  bigger  of  d  or  12 
oz  =1.3  For  simply  supported  ends  when  loads  produce  compression 
perpendicular  to  beam  lower  edge, 
oc  =1 .0  For  other  cases. 
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f 


Fig.  (4-18):  Curtailment  of  bars  at  points  of  inflection  and  simple  supports 


e)  1/3  of  tension  rft.  which  resist  (-ve)  moment  must  extend  after  point  of 
inflection  (P.I.)  by  anchorage  length  equals  to  the  biggest  of  (0.3d  +  10(J)), 
or  (0.3d  +  L/20)  or  (d)  measured  from  bending  moment  distribution  curve 
(Fig.  4-16). 

1)  All  Rft.  resisting  (-ve)  moment  must  be  extended  inside  the  end  support 
by  distance  not  less  than  (Ld)  measured  from  support  inner  face, 
g)  Conditions  for  structures  subjected  to  earthquake  loads  art.  (6-7)  must  be 
taken  into  consideration  in  bars  development  length  calculation. 
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4-2-5-4  Reinforcement  splices: 

4-2-5-4-1  Reinforcement  splices  is  not  preferable,  and  must  be  executed 
according  to  workshop  drawing  or  under  engineering  supervision.  Splices 
can  be  obtained  by  over  lap  between  bars  or  weld  (according  to  steel  type)  or 
mechanical  splice.  Bars  must  not  spliced  in  high  stresses  zones. 


4-2-5-4-2  Lap  splices: 

a-  In  lap  splices,  bars  may  be  contact  each  other  (fig.  4-1 9-a)  or  not 


(fig,  4-19-b). 


Distance  between  the  axes  of  any 

150  mm 

two  spliced  bars  must  be  less  than. 

1/5  splice  length 

r 


150  mm  or 
1/5  splice  length 


(a)  :  Contacted  bars  (b)  :  Non-contacted  bars 


1.3  Ld 

splice  C-L 

0 

 i  i 

, 

C=j 

1  I 

Z1 

d  , 

tz 

- 1 

splice  C-L 

t 

-  -d—i 

(Q  Fig.  (4-19):  Lap  splices 

b-For  bars  subjected  to  tensile  forces  in  flexure,  Lap  splices  must  be 
staggered  where  the  area  of  spliced  bars  at  any  section  must  be  less  than 
25%  of  the  total  area  of  bars  at  this  section  and  the  distance  between  the 
axes  of  lap  splices  must  not  be  less  than  1.3  splice  length  as  in  fig. 
(4-19-c).  It  is  preferable  that  rft.  area  at  splice  section  equals  to  twice  the 
required  area,  and  the  details  in  fig.  (4-19-c)  should  be  considered. 
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c- Length  of  lap  splices  (for  bars  subjected  to  tension  or  compression) 
equals  to  development  length  (La),  but  if  rft.  at  splice  section  is  less  than 
twice  of  the  required  rft.  (according  to  art.  4-2-1),  in  this  case  length  of 
lap  splice  is  taken  (1.3  La). 

d-  Its  not  preferable  to  use  lap  splices  for  elements  subjected  to  axial 
tension  or  eccentric  tension  produces  tensile  stresses  allover  the  section, 
in  this  case  it  is  preferable  to  splice  rft.  by  using  weld  (if  it  is  allowed)  or 
mechanical  splices. 

e-It  is  not  allowed  to  use  lap  splices  for  bars  with  diameter  greater  than 
32mm. 

f-  When  splicing  bars  with  different  diameter,  splice  length  is  calculated 
according  to  the  greatest  diameter. 

g-When  splicing  a  group  of  bars  consists  of  three  bars,  splice  length 
(art.  4-2-5-4-2-c)  must  be  increased  by  20  %. 

h-When  splicing  a  welded  wire  meshes  subjected  to  tensile  stresses,  splice 
length  must  not  be  less  than  the  greatest  of: 


at  least  50  mm 


A 


Deformed  bars 

1.7  Ld 

200  mm 

Smooth  bars 

1.5  Ld 

150  mm 

the  bigger  of  1.7  L  or  200  mm 


h 


H 


Fig.  (4-20-a):  Lap  splices  for  deformed  bars 


at  least  50  mm 

1 — H 


i 

i 

JL 


h 


the  bigger  of  1.5  L  or  150  mm 

d 


Fig.  (4-20-b):  Lap  splices  for  smooth  bars 


r 


ft 


\u 


EJ-Behairy  R.  C  Handbook  -  Rft  splices 


Nr.  4  ¥  ojy-ct 


2 

0 


JU> 


i 


-248- 


■p  T-  n 


4-2-5-4-3  Welded  and  mechanical  splices: 

a-  It  is  allowed  to  splice  bars  by  using  weld  according  to  standard 
specifications  for  weld  at  points  of  interlocking  between  any  two  bars 
taking  into  consideration  that  the  axes  of  the  two  bars  must  be  on  the 
same  line. 

b-  Weld  section  (and  also  mechanical  splice)  must  resist  tensile  or 
compressive  stress  not  less  than  125  %  yeild  stress  of  the  spliced  bars. 


Distance  between  splices  > 

600  mm 

Splice  resistance  stress  in  tension  or  compression  ^ 

A _ _ 

d-  Electrical  weld  is  only  used  in  welding  the  splice. 

e-  It  is  not  allowed  to  use  weld  in  a  distance  less  than  100  mm  from  the 
start  point  of  bar  rotation,  and  the  inner  diameter  of  rotation  must  not  be 
less  than  (12  times  bar  diameter). 

f-  It  is  not  allowed  to  use  weld  splice  for  cold  treated  bars  before  using  a 
thermal  curing  for  weld  zone. 

g- It  is  not  allowed  to  use  weld  splice  in  structures  subjected  to  frequant 
dynamic  load. 

h-  For  tensioned  bars,  weld  splices  or  mechanical  splices  must  be 
staggered  where  the  area  of  the  spliced  bars  at  any  section  must  be  less 
than  25  %  of  the  total  area  of  bars  at  that  section. 
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4-3  SERVICEABILITY  LIMIT  STATES 
4-3-1  Deformation  and  Deflection  Limit  States 
4-3-1-1  Max.  Values  Of  Deflection  (A)  For  Ordinarg  Structures 


Subjected  To  Flexure; 


A  (Dead  +  live  +  temp  +  shrinkage 
+  creep) loads 


A  (Dead  +  finishes  +  temp  +  shrinkage 
+  creep)  loads 


L/250 

One  way 
slabs  & 
beams 

4-60-a 

L'  /  450 

Cantievers 

4-60-b 

L/350 
or  20mm 

One  way 
slabs  & 
beams 

4-60-c 

L'  / 600 

Cantilevers 

4-60-d 

4-3-1-2  Effective  span  to  total  depth  ratio: 


Table  (4-10)  max  effective  span  /  depth  ratio  (L/d)  for  beams  of  rec.  sec. 
with  span  <  10  m  (if  deflection  is  not  calculated) 


(L/d)  min 


zr 


t 


* 


High 

tensile 

steel 


Onyway  Solid  Slabs 


20 


24 


28 


10 


Ribbed  slabs  or  beams 


16 


18 


21 


8 


Normal 

mild 

steel 


Onyway  Solid  Slabs 


25 


30 


Ribbed  slabs  or  beams 


20 


22 


35 

~26 


12 


10 


For  spans  >  10  m  check  deflection 


b/B 

<0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

8 

0.80 

0.825 

0.850 

0.875 

0.920 

0.975 

1.0 

4-3-1-2-d  For  two  way  slabs  with  span  <  10.0  m  and  supported  on  rigid 
beams  in  ordinary  buildings,  spans  deflection  Ratio  is  acceptable  for  sections 
subjected  to  bending  moment  and  with  thickness  greater  than  100  mm  or  t. 


Where: 


L  n  (o  .  8  +  f  y  /  1500  ) 


36  +  9  p 


(4-61) 


L„  =  Longest  effective  span  length. 

|3  =  Long  span  /  short  span,  fv  in  N/mm  . 
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4-3-1-3  CALCULATION  OF  DEFLECTION  AND  DEFORMATION: 

Modulus  of  elasticity  of  concrete  Ec  =  4400  N/mm2 


Effective  moment  of  inertia 

Ie  =  (Mcr/Ma)3Ig+[l-(Mcr/Ma)3]I„ 

4-62 

Cracking  moment  Mcr= (  fctr  Ig)  /  yt 

4-63 

Tensile  concrete  strength  fctr  =0.6  yjf^  N/mm2 

4-64 

A  creep  =  ADL  where  a  =  2  -1.2  (A's  /  As)  >  0.6  (with  comp  RFT) 

a  =  2.0  (without  comp.  RFT) 

4-65 

Where:  Ig  =  gross  moment  of  inertia  neglecting  cracks  and  steel  Rft. 

ICT  =  moment  of  inertia  of  cracked  section. 

Ma  =  max.  bending  moment  for  the  element. 

yt  =  distance  between  neutral  axis  and  the  extreme. 

-  For  continuous  elements,  effective  moment  of  inertia  is  taken  the  average 
of  the  effective  moment  of  inertia  of  max.  +ve  and  -ve  sections. 

l.UU 

3  0.95 

s 

•8  0.90 
<8 

g  0.85 

^  0.80 
^  0.75 

1  .  B  .1 

h — - - 

4-» 

lAj 

i  i 

■  0  0J20  0.40  0.60  0.80  1.00  B  =  flange  width 

Ratio  of  web  width  to  flange  width  (b/B)  b  =  web  ^^th 

Fig.  (4-21):  Correction  of  L/t  ratio  for  T  sections 
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4-3-2  LIMIT  STATES  OF  CRACKING 

4-3-2-1  To  protect  concrete  structures  from  severe  cracking  that  adversely 
affect  the  durability  and  efficiency  of  these  structures,  the  factors  that  affect 
the  crack  width  must  be  considered.  These  factors  are  :  concrete  cover,  the 
distribution,  type,  diameter  and  max.  stresses  in  the  steel  bars  subjected  to 
tension. 

4-3-2-2  To  satisfy  cracking  limit  state,  the  structures  are  classified  according 
to  the  degree  of  exposure  of  their  tension  surfaces  to  the  environmental 
effects  which  negatively  affect  the  strength  of  the  structure  as  given  in  table 
(4-11). 

Table  (4-11)  Categories  of  structures  divided  according  to  the  degree  of 
exposure  of  concrete  tension  surface  to  the  environmental  effects 

Category 

Degree  of  exposure  to  environmental  conditions 

One 

Structure  with  protected  tension  sides  such  as  : 

a)  All  protected  internal  members  of  ordinary  buildings 

b)  Members  permenantly  submerged  in  water  (without  harmful 
materials)  or  members  permenantly  dry. 

c)  Roofs  well  isolated  against  moisture  and  rains. 

Two 

Structures  with  unprotected  tensile  side,  such  as: 

a) Structures  in  open  air,  e.g.  bridges  and  roofs  without  good 
isolation. 

b) Structures  of  category  one  built  nearby  sea  shores  . 

c) Structures  subjected  to  humidity  such  as  open  halls,  sheds 
and  garages. 

Three 

Structures  with  severly  exposed  tension  side,  such  as  : 

a)  Members  with  high  degree  of  exposure  to  humidity. 

b)  Members  exposed  to  repeated  moisture  saturation. 

c)  Water  tanks. 

d)  Structures  subjected  to  vapour,  gases  or  weak  chemical  attack. 

Four 

Structures  with  tension  side  that  are  very  severly  exposed  to 
corrosive  influences  of  strong  chemical  attacks  which  cause 
rusting  of  steel 

a)  Structures  subjected  to  conditions  resulting  in  the  rust  of  steel, 
such  as  gases,  and  vapours  including  chemicals. 

b)  Other  tanks,  sewage  and  structures  subjected  to  seawater. 
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4-3-2-3  CONDITIONS  TO  BE  SATISFIED  FOR  CRACK-CONTROL  : 

a-1)  Satisfaction  of  the  Coefficient  Ww 

For  reinforced  concrete  structurture  with 
cracks  perpendicular  to  steel  rft. 


Wk  3*^rm  »^sm 


(4-66) 


f 


The  values  of  Wk  should  be  less  than  or 
equal  to  the  values  given  in  Table  (4-12) 


50  +  0.25  JC]  K2 


<i> 


v 


Pr 


mm 


r 


Table  (4-12)  Values  of  Wkmax(mm) 


Sm=^7 


i-AA 


'f' 


'  sr 


2\ 


\  Js  J 


J 


Category 

One 

Two 

Three 

Four 

Wi 

vv  k  max 

0.3 

0.2 

0.15 

0.1 

Where: 

<j)  =  Bar  diameter  in  mm.  In  case  of  using  more  than  one  diameter  in  the 

cross  section,  the  average  diameter  shall  be  used. 


P  Coefficient  that  relates  the  average  crack  width  to  the  design 
crack  width.  It  shall  be  taken  as  follows: 

3 

For  cracks  induced  due  to  loading. 

1.7 

For  cracks  induced  due  to  restraining  the  deformation  in  cross  sections 
having  a  width  or  depth  (whichever  smaller)  more  than  800  mm. 

1.7 

less  than  300mm. 

1.3 

between  value,  of  300  mm  and  800mm,  the  coefficient  p  shall  be 
proportionally  calculated. 

Pj  Coefficient  that  reflects  the  bond 

properties  of  the  reinforcing  steel: 

For  deformed  bars 

0.8 

For  smooth  bars 

0.5 

o  Coefficient  that  takes  into  account  the 
duration  of  loading: 

For  short  term  loading 

1.0 

For  long  term  loading  or 
cyclic  loading 

0.5 

Coefficient  that  reflects  the  type  of 

1  steel  of  the  reinforcing  bars: 

For  deformed  bars. 

0.8 

For  smooth  bars. 

1.6 
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In  the  cases  of  members  subjected  to  imposed  deformation,  the  values  ofki 
should  be  modified  to  kki  wheres  the  values  of  k  are  taken  as  follows: 

K 

K 

For  the  case  in  which  the  tensile  stresses  are  induced  due  to  restraining 
the  deformation. 

0.8 

For  rectangular  section  having  thickness  <  300  mm. 

0.8 

For  rectangular  sections  having  thickness  <  800  mm. 

0.5 

For  cases  in  which  the  tensile  stresses  are  induced  due  to  the  restraint  of 
extrinsic  deformation. 

1.0 

K2  Coefficient  that  reflects  the  effect  of  strain  distribution  shape  on 
the  distance  between  cracks. 

k2 

\ 

for  a  section  subjected  to  pure  bending. 

0.5 

1 .0  for  a  section  subjected  to  pure  axial  tension. 

1.0 

For  sections  subjected  to  combined  bending  £  +  g 

and  axial  tension,  K2  shall  be  calculated  from.  K2  =  — - -  (4-67) 

2  8 

2 

Where  si  and  s2  are  the  maximum  and  minimum  strain  values  to  which  the 
section  is  subjected,  and  shall  be  calculated  based  on  the  analysis  of  a 
cracked  section. 


p,  =  Ratio  of  effective  tension  reinforcement. 


Pr  =  as/a 


cei" 


As  =  area  of  longitudinal  tension  steel. 

Acef  =  area  of  effective  concrete  section  in  tension. 

=  width  of  the  section  *  tCCf 

tcef  can  be  calculated  according  to  Fig  (4-22). 

fs  =  Stress  in  longitudinal  steel  the  tension  zone,  calculated  based  on  the 
analysis  of  the  cracked  section  under  permanent  loads. 

fsr  =  Stress  in  longitudinal  steel  of  the  tension  zone,  calculated  based  on  the 
analysis  of  the  cracked  section  due  to  loads  causing  first  cracking. 

a-2)  For  cases  in  which  the  element  is  subjected  to  stresses  due  to  intrinsic 
imposed  deformations  for  example:  restrainning  against  shrinkage,  fs 
can  be  taken  equal  to  fsr. 
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a-3)  For  walls  subjected  to  shrinkage  due  to  early  thermal  contraction  where 
the  lower  part  of  wall  is  fixed  in  the  wall  base  which  has  been  casted 
previously.  In  this  case  the  term  s™  in  eqn.  (4-66)  can  be  replaced  by 
the  height  of  the  wall  in  mms. 


a-4)  For  elements  having  steel  rft.  in  X  &  Y  directions  and  with  crack  slope 
angle  greater  than  1 5°  with  the  steel  rft.  direction,  eqn.  (4-66)  can  be 

obtained  by  replacing  the  term  s™  by  the  value  - — - 

cos  6  /  s  +  sm  0 1 

Where: 

0  =  Slope  angle  between  steel  rft.  in  X-axis  direction  and  the 
direction  of  the  main  tensile  stresses. 

Srmx  ,  s„ny  =  the  value  of  [50+0.25  ki  k2  0  /pr]  calculated  in  X  &  Y 
directions,  respectivly. 

,b)The  concrete  cover  for  steel  rft.  in  tension  should  not  be  less  than  the 
values  given  in  table  (4-13),  provided  that  it  must  be  bigger  than  the  max. 
diameter  of  the  reinforcing  steel.  The  concrete  cover  should  be  increased 
for  the  cases  mentioned  in  article  (9-7). 


7 /777Y77/ 777 777/ 777/77/ 777/77/ 7/ 

•  }•••••• 

////A//////////////////////////, 


'cef 


W  is  The  least  of :  W  is  The  least  of : 

W  =  2.5(t-d)  (0/2  +  concrete  cover)2.5  (0/2  +  concrete  cover)2.5 

or  (*-c)/3  or  (t/2) 


a-  Beams 


b-  Slabs  C-  Element  in  tension 


Fig.  (4-22):  Effective  concrete  area  in  tension 
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Table  (4-13)  Minimum  concrete  cover  (mm) 

Category 

All  element  except  solid  slabs  &  walls 

Walls  &  Solid  slabs 

fcu  <  25 

fcu  >  25 

fcu  <  25 

fcu  >  25 

One 

25 

20 

20 

15 

Two 

30 

25 

25 

20 

Three 

35 

30 

30 

35 

Four 

45 

40 

40 

35 

*  concrete  cover  must  be  bigger  than  the  max.  diameter  of  reinforcinge  steel. 

c)  The  max.  &  min  bar  spacing  according  to  chapters  (6&7)  must  be 
satisfied. 

d)  Check  of  the  allowable  working  concrete  tensile  stresses  for  structures  of 
categories  3&  4,  according  to  article  (4-3-2-7). 

4-3-2-4  Cases  where  crack  width  calculations  are  not  necessary 

Crack  width  calculations  according  to  article  (4-3 -2-3 -a)  are  not  necessary  if 
any  one  of  the  following  conditions  is  satisfied: 

a)  For  ordinary  buildings  of  category  1&2  with  live  load  not  more  than 
5  KN/m  in  the  following  two  cases  : 

1 - Solid  slabs  of  thickness  not  more  than  160  mm. 

2- T  &  L  -  beams  with  flange  on  tension  side  and  with  B  >  3b 

b)  For  members  subjected  to  flexure  and  compression  force  more  than 
(0.2  fcu  Ac)  at  working  loads  level. 

c)  If  the  working  tensile  steel  stresses  are  equal  to  or  less  than  the  values 
given  in  tables  (4-14)  &  (4-15),  but  Rft.  ratio  must  be  less  than  values  in 
article  (4-2-1 -2-c). 

d)  When  using  the  ultimate  limit  state,  the  yield  stress  is  multiplied  by  the 
reduction  factor  (3cr  given  in  tables  (4-14)  &  (4-15). 

e)  Check  of  allowable  working  concrete  tensile  stresses  at  tension  side  for 
structures  of  categories  3  &  4  according  to  article.  (4-3-2-6). 


Table  (4-14):  steel  working  stresses  and  reduction  factors  of  steel  yeild  stresses 
(per)  which  satisfy  cracking  limit  conditions  for  mild  steel. 


fs  (N/mm2) 

W.S.D 

Reduction  factor 

Per  ru.L.m 

Category 

One 

Category 

Two 

Category 
Three  &  Four 

Largest  Bar  diameter  ( cj)max )  in  mm 

140 

1.00 

25 

18 

12 

120 

0.84 

28 

20 

18 

100 

0.69 

— 

— 

28 
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Table  (4-15):  steel  working  stresses  and  reduction  factors  of  steel  yield 
stresses  (per),  which  satisfy  cracking  limit  conditions  for  deformed  high 
tensile  steel. 


fs(N/mm2) 

W.S.D 

Reduction  factor 

Per  (U.L.D) 

Category 

One 

Category  Two 

Categories 

Three  &  Four 

360/520 

400/600 

Largest  Bar  diameter  (<j)max)  in  mm 

220 

LOO 

0.92 

18 

12 

8 

200 

0.93 

0.83 

22 

16 

10 

180 

0.85 

0.75 

25 

20 

12 

160 

0.75 

0.67 

32 

22 

18 

140 

0.65 

0.58 

— 

25 

22 

120 

0.56 

0.50 

— 

— 

28 

4-3 -2-5  For  sections  subjected  to  axial  tension  or  eccentric  tensile  forces 
which  produce  tensile  stresses  all  over  the  section,  cracking  limit  calculation 
for  steel  rft.  stresses  must  be  carried  out  according  to  art.  (4-3-2-3-a),  and 
also  when  using  smooth  welded  wire  mesh 

4-3-2-6  For  structures  of  calegories  3  &  4,  which  must  be  impermeable  to 
liquids,  tensile  stresses  calculated  according  to  art.  (4-3-2-7)  must  be  less 
than  values  given  in  eqn  (4-69). 

-  For  T  &  L  sections,  it  is  better  to  take  the  effective  flange  width  equal  to 
V2  flange  width  in  art.  (6-3- 1-9). 

-  For  structures  which  must  be  impermeable  for  liquids,  tensile  stresses  are 
checked  by  using  the  elastic  method  and  steel  working  stresses  are  taken 
according  to  tables  the  (4-14)  &  (4-15),  as  alternative  solution  it  could  be 
calculated  by  using  the  limit  states  method  taking  into  consideration  the 
values  of  (Per). 
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4-3-2-7  Tensile  stresses  in  concrei 

te  sections  : 

at  Axial  tension:  T  =  (Ao+nAf) 

where  As=[T/fs], 

For  rect.  section  t  =  [- 


b  f 


-](1  -n[-^-]) 


cto 


t  (mm)  =  C  T(KN) 


For  slab  &  walls  (b=100cm)  then  Values  of  ^  average  are  given  in  the 
following  table. 

b)  Simple  bending:  fct  =  M/Z 

for  R-section 


t  =  16  M/bf 


ct 


or 


Values  of  £  and  y/ 


Character  cone,  stress 

feu 

17.5 

20.0 

22,5 

25.0 

27.5 

30.0 

It  Axial  tension  t 

fCt„ 

1.4 

1.5 

1.6 

1.8 

1.9 

2.0 

T 

c 

0.71 

0.67 

0.63 

0.59 

0.56 

0.53 

2)  Flexure 

t  > 

^Ct 

1.4 

1.5 

1.6 

1.8 

1.9 

2.0 

(Simple 

60 

23 

25 

27 

30 

32 

33 

bending) 

6M 

t  = 

fet 

1.5 

1.6 

1.7 

1.9 

2.0 

2.1 

t  = 

t 

f  b 

40 

25 

27 

28 

32 

33 

35 

ct 

1  M 

t  = 

fet 

1.8 

2.0 

2.1 

2.3 

2.5 

2.6 

t~ 

— 

20 

"  1 

1 

vy 

30 

33 

35 

38 

42 

43 

t  < 

*ct 

2.3 

2.6 

2.8 

3.0 

3.2 

3.4 

10 

38 

43 

47 

50 

53 

57 

3)  Eccentric  tension  : 

&  N)  [  for  N  compression  use  -  ve  sign  ] 

f 

f  =[f  (N)  +  f  (M)J  <  0.6  If  /-n  =  -^  (4-69) 

ct  ctS  ct  V  cu  ^ 

t  =t[l+f  (N)/f  (M)]  (4-70) 

v  ct  ct 

table  (4-16):  values  of  coefficient  r| 

Virtual  thickness  tv 

<  100  m 

-  200  mm 

=  400  mm 

>  600  mm 

L  *1 

1.0 

1.30 

1.60 

1.70 
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CHAPTER  (5) 

ELASTIC  (WORKING  STRESS)  DESIGN  METHOD 
5-1  General  considerations 

This  chapter  deals  with  the  basis  of  design  of  R.C.  sections,  using  the 
elastic  method,  under  the  effect  of  working  loads  (3-2— 1-1 -a) .  To  ensure 
the  safety  requirements  when  using  the  elastic  method,  the  following 
condition  must  be  satisfied: 


a) The  concrete,  and  steel  stresses  due  to  working  loads,  should  not  exceed 
the  allowable  stresses  given  in  table  (5-1)  for  sections  subjected  to 
flexure,  eccentric  force,  shear  and  torsion  stresses  ..etc. 


b)  Conditions  concerning  cracking  (4-3-2)  and  deflection  (4-3-1)  shall  be 
satisfied.  Stability  requirements  (buckling)  (6-4),  have  to  be  checked. 


Design  of  sections 

5-3  Sections  subjected  to  5-4  Sections  subjected 
bending  or  eccentric  forces  to  shear  forces 


5-5  Sections  Subjected 
to  torsional  moment 


5-2  ALLOWABLE  WORKING  STRESSES 

Table  (5-1)  gives  the  allowable  working  stresses  for  different 
concrete  qualities  and  steel  types. 

Notes  to  table  (5-1)  : 


1)  f co  represents  the  maximum  allowable  axial  compressive  stresses  on 

any  section  under  working  loads. 

2)  The  allowable  working  compressive  stresses  for  sections  subjected  to 

eccentric  compression  with  e/t  >  0. 05,  (small  &  medium  eccentricities) 
should  not  exceed:  _ _ _ _ _ _ 

(0.23 +  0.32  e/t )  fcn  <fo  (5-1) 

where  fc:  Allowable  concrete  stresses  defined  in  note  (3). 

3) fc  :  Allowable  stresses  for  beams  and  slabs  (with  t>  200  mm)  due  to 

bending  or  eccentric  compression  with  big  eccentricity  . 
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4)  fcti  The  allowable  tensile  stresses  for  concrete  which  should  be  checked 
at  the  tension  side  for  structures  of  categories  three  and  four  according 
to  table  (4-11),  to  satisfy  the  cracking  limit  state  under  working  loads 
and for  all  other  cases  according  to  article  (4-3-2 -6, 7). 

5)  Conditions  of  Articles  (5-5-4)  &  (5-5-5)  are  to  be  taken  into 
consideration. 

6)  q2 ,  qc :  are  specified  for  sections  subjected  to  torsion  and  shear,  by 

multiplying  the  given  values  (case  of  shear  or  torsion)  by  the  factors 

8  •  ,  5  •  as  given  in  eq.  (5-16)  &  (5-17). 

XI  SI 

5-3  SECTIONS  SUBJECTED  TO  BENDING  OR  ECCENTRIC  FORCES 


5-3-1  Basic  assumptions  and  general  considerations 

1-  Strain  distribution  across  the  section  is  linear  and  thus  the  steel  and 
concrete  strains  are  proportional  to  their  distances  from  the  neutral  axis  . 
This  assumption  is  valid  for  all  members  except  deep  beams  where  the 
strain  distribution  is  non-linear. 

2-  Concrete  and  steel  behave  as  elastic  materials  under  working  loads. 

3- Concrete  in  tension  is  neglected  and  steel  rft.  resists  all  the  tensile 
stresses. 

4-  The  modular  ratio  n=  E  / E  is  taken  as  follows: 

s  c 

a)  For  dimensioning  and  calculation  of  stresses, 


n  =  E/E  =15 

s  c 


(5-2-a) 


b)For  calculating  elastic  deformations,  and  for  determining  the  statically 
indeterminate  values  and  the  tensile  stress  in  concrete  in  members 
requiring  a  crack  limit  (article  4-3 -2-6)  : 


n=  10 


(5-2-b) 


The  whole  concrete  section  is  considered  to  be  effective. 
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Table  (5-1-a)  Allowable  working  stresses  for  concrete  (N/mm2) 

(NORMAL  STRESSES)  v  V 


Characteristic  strength 

feu 

15.0 

17.5 

20.0 

22.5 

25.0 

27.5 

30.0 

1) 

Axial  comp.(e  = 

=  e  .  ) 

fco 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

min 

2) 

Comp,  with  small 

r~j 

(  o,2l 

-  o  n 

o  r 

eccentricity 

e/t 

=  0.1 

fc 

4.0 

4.6 

5.2 

5.9 

6.5 

7.2 

7.9 

e/t 

=  0.2 

fc 

4.4 

5.1 

5.9 

6.6 

7.3 

8.1 

8.8 

e/t 

=  0.3 

fc 

4.9 

5.7 

6.5 

7.3 

8.1 

9.0 

9.8 

5.4 

6.3 

7.2 

8.1 

9.0 

9.8 

10.5 

e/t 

=  0.4 

fc 

5.9 

6.8 

7.8 

8.8 

9.5 

10.0 

10.5 

e/t 

=  0.5 

fc 

3) 

Bending  or  comp. 

with  big  eccentricity 

Bfeams&  Slabs: 

t.  >  200mm 

fc 

6.5 

7.0 

8,0 

9.0 

9.5 

10.0 

10.5 

Slabs  120  <  t  <  200mm 

fc 

Slabs  100  <  t 

,  <  120mm 

5.0 

5.5 

6.5 

7.5 

8.0 

8.5 

9.0 

fc 

4.5 

5.0 

6.0 

7.0 

7.5 

8.0 

8.5 

Slabs  80  <  t 

,  <  100mm 

fc 

4.0 

4.5 

5.5 

6.5 

7.0 

7.5 

8.0 

Slabs 

ts  <  80mm 

fc 

3.5 

4.0 

5.0 

6.0 

6.5 

7.0 

7.5 

4) 

Allowable  working  cone,  tensile  stresses  for  crack  control 

a- 

Cracking  tensile  strength 

feu 

17.5 

20.0 

22.5 

25.0 

27.5 

30.0 

f  =  0.6  f 

ctr  V 

r 

cu 

fetr 

2.5 

2.68 

2.84 

3.0 

3.15 

3.3 

b- 

Axial  tension 

f  =f 

/ 1.70 

fet 

1.47 

1.57 

1.67 

1.76 

1.85 

1.94 

cto  ctr 

c- 

Simple  bending 

fc 

17.5 

20.0 

22.5 

25.0 

27.5 

30.0 

f 

t  <  100mm 

1.0 

fc 

2.5 

2.68 

2.84 

3.0 

3.15 

3.3 

f  (M)  =  — 

ct  ^ 

V 

t  =  200mm 

V 

1.3 

fc 

1.9 

2.0 

2.2 

23 

2.4 

2.5 

t  =  400mm 

V 

1.6 

fc 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

t  >  600mm 

V 

1.7 

fc 

1.47 

1.58 

1.67 

1.76 

1.85 

1.94 

d- 


Eccentric  tensile  force 


f  =[f  (N)+f  (M)]< 
ct  ct  ct 


ctr 


■n 


t  =  t[l  +  f  (N)/f  (M)] 
v  ct  ct 


tv(mm) 

<100 

200 

400 

>600 

T1 

1.0 

1.30 

1.60 

1.70 
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Table  (5-1-b)  Allowable  working  stresses  for  concrete  (N/mm2) 

SHEAR  -  TORSION  -  BEARING  -  BOND  :  STRESSES 

Characteristic  strength 

f 

1CU 

15.0 

17.5 

20.0 

22.5 

25.0 

27.5 

30.0 

5)  Shear  or  torsion  (concrete  strength) 

without  rft.  (slabs) 

^without  rft.other  members 
with  rft.in  all  members 

qc 

qc 

q2 

0.7 

0.5 

1.5 

0.7 

0.5 

1.5 

0.8 

0.6 

1.7 

0.8 

0.6 

1.8 

0.9 

0.7 

1.9 

0.9 

0.7 

2.0 

0.9 

0.7 

6)  Shear  and  torsion:  Multiply  &  q2  by  8^  &  8^.. 

7)  Torsion  is  neglected  if: 

q  =0.04  /f  /y 

Mt  V  cu  c 

qt 

0.13 

0.14 

0.14 

0.15 

0.16 

0.17 

0.18 

8)  Punching  shear 

a/b 

qp=(0'5+b)qcp 

0.5 

qcp 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

0.4 

0.3 

0.2 

0.1 

q 

p 

0.63 

0.56 

0.5 

0.42 

0.63 

0.56 

0.5 

0.42 

0.72 

0.64 

0.56 

0.48 

0.72 

0.64 

0.56 

0.48 

0.81 

0.72 

0.63 

0.54 

0.81 

0.72 

0.63 

0.54 

0.9 

0.8 

0.7 

0.6 

9)  Bond  strength 

fb 

0.58 

0.63 

0.67 

0.71 

0.75 

0.8 

0.82 

10)  Bearing  strength  =  0.3  f 

f 

bea 

4.5 

5.2 

6.0 

6.7 

7.5 

8.2 

9.0 

Table  (5-1-c)  Allowable  working  stresses  for  steel  types 

Steel  type 

Mild 

steel 

240/350 

Steel 

280/450 

Steel 

360/520 

steel 

400/600 

Welded  mesh 
450/520 

smooth 

deformed 

f  (N/mm  ~  ) 

s 

140 

160 

200 

220 

160 

220 

Note  :  Steel  stresses  ( fs)  are  reduced  (if  necessary j  to  satisfy  the  cracking  limit 
states  (  article  4-3-2). 
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5- The  allowable  working  stresses  in  the  steel  should  be  reduced  to  satisfy 
the  cracking  limit  state  conditions,  article  (4-3-2) . 

6-  If  it  is  proved  by  tests  that  the  yield  stress  fy  of  normal  mild  steel  round 
bars  is  higher  than  280  N/mm2  ,  the  allowable  steel  stress  should  not  be 
taken  more  than  7^/2  with  max  value  of  160  N/mm2 

7- The  allowable  stresses  of  high  tensile  smooth  bars,  should  not  exceed 

1 60  N/mm 2 

8- It  is  not  recommended  to  use  high  tensile  steel  with  concrete  of 
characteristic  strength  after  28  days  less  than  20  N/mm 

9- The  stresses  resulting  from  the  effect  of  wind,  shrinkage,  seismic  load, 
change  of  temperature,  friction  at  supports,  or  unequal  settlement,  should 
be  taken  into  consideration,  if  these  stresses  are  expected  to  be  higher 
than  1 5%  of  the  stresses  resulting  from  the  initial  loads.  The  allowable 
stresses  can  be  increased  by  15%  for  each  factor  with  maximum  of  25% 
for  all  these  factors.  The  effect  of  wind  should  not  be  added  to  the  seismic 
effect. 

10- For  rectangular  sections  subjected  to  biaxial  moments,  the  maximum 
allowable  compressive  stresses  at  the  corner  of  cross  section  exposed  to 
max.  compressive  stresses  can  be  increased  by  1  N/mm2  more  than  the 
values  given  in  table  (5-1). 

5-3-2  Sections  subjected  to  flexure 

1- The  sections  subjected  to  single  or  double  moments  are  designed 
according  to  the  general  assumptions  in  article  (5-3-1).  The  working 
stresses  in  concrete  and  steel,  should  not  be  higher  than  the  allowable 
working  stresses  according  to  table  (5-1)  . 

2- The  percentage  of  steel  rft.  for  sections  subjected  to  flexure,  should  not 
be  less  than  the  values  given  in  article  (4-2-1 -2-g). 
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3 - The  maximum  percentage  of  steel  for  sections  with  rft.  in  the  tension  zone 
only,  should  not  be  more  than  the  values  given  in  table  (4-2)  article 
(4-2-1-2-c). 

4- It  is  not  allowed  to  redistribute  the  bending  moments  in  statically 
indetrminate  structures  by  more  than  ±  10  %  ,  taking  into  consideration 
all  the  necessary  requirements  given  in  article  (4-2-1-2-c). 

5 - Steel  in  the  concrete  side  can  be  used  to  increase  the  capacity  of  sections 
subjected  to  flexure,  taking  into  consideration  the  requirements  in  article 
(4-2-1-2-d). 

6- The  allowable  concrete  stresses  for  T-sec,  should  be  reduced  to  a  max 

2 

value  of  —  the  values  given  in  table  (5-1). . 

5-3-3  Sections  subjected  to  bending  and  axial  forces 

1 - Sections  subjected  to  eccentric  forces,  are  to  be  designed  according  to  the 
basic  assumptions  in  article  (5-3-1),  with  allowable  stresses  as  given  in 
article  (5-2)  .  Also  they  can  he  designed  according  to  the  ultimate  limit 
state  given  in  articles  (4-2- 1-3)  &  (4-2- 1-4). 

2- The  minimum  eccentricity  to  be  taken  in  the  design  of  sections  subjected 
to  bending  moment  and  axial  force  should  not  be  less  than  : 

The  bigger  of 


e  .  =  M/P  =  0.05 1 
mm 


or  e  .  =  20mm  (5-3) 
mm 


3-Sections  subjected  mainly  to  compression  force  and  small  value  of  B.M. 

(  <P  e  .  )  which  may  be  neglected  and  the  sections  (columns)  can  be 

mm 

approximately  designed  as  follows  : 


a)  For  tied  column 

P  =f  A  +  0.44  f  A 
w  co  c  y  sc 

5-4-a 

b)  For  spiral  column 

the  least  of 

P  =  1.14  f  A  +  0.51  f  A 
w  co  c  y  sc 

5-4-b 

P  =  f  A,  +  0.44  f  A  +0.92  f  V 
w  co  k  y  sc  yp  sp 

5-4-c 

Where:  P  w=  working  loads. 
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-A  ,A  ,  A,  ,V  and  fyp  are  defined  in  article  (4-2-1 -3 -c-2). 

C  SC  K  Sp 

-For  spiral  columns  the  conditions  given  in  article  6-4-7  and  the  min.  ratio 
of  (j.Sp  (equation  4-12-a)  should  be  satisfied. 

4- Sections  subjected  to  single  B.M.  and  small  axial  compressive  force  with 


a  value 


(P  )<  0.026  f  A  (5-5) 
:vr_ Qd i  c  v  y 


The  small  compressive  axial  force  may  be  neglected  ,  and  the  section  can 
be  designed  under  simple  bending  according  to  article  (5-3-2)  . 

5-4  SECTIONS  SUBJECTED  TO  SHEARING  FORCES 

5-4-1  Beams 

5-4-1 -1  The  critical  sections  for  shear  are  to  be  taken  according  to  article 
(4-2-2-1-1). 

5-4-1-2  Calculation  of  the  nominal  shear  stresses  in  beams 

For  beams  with  constant  depth,  shear  stress 

where  :  Q  =  shearing  force 

b  =  breadth  of  rectangular  section,  or  breadth  of  the  web  for 
T  -  sections. 

For  beams  with  variable  depth  ,  the  force  Q  is  replaced  by  : 


Qr=  Q  -  (M  tan  p )  /  d (5-7) 


where  (tan  (3)  is  the  slope  of  change  of  depth  and  should  not  be  more  than 
0.33.  It  is  assumed  in  equation  (5-7),  that  the  depth  increases  with  the 
increase  of  the  bendirfg  moment,  else  the  -  ve  sign  in  eq.  (5-7)  is  replaced  by 
a  +ve  sign. 

5-4-1  -3  The  shear  stress  (q)  should  not  be  more  than  the  value  given  in  table 
(5-1),  taking  into  consideration  article  (5-5-4)  for  sections  subjected  to  shear 
and  torsion. 

5-4-1 -4  The  max.  allowable  shear  stresses  carried  by  .the  concrete  only 
should  not  be  more  than  (  qc)  given  in  table  (5-1) ,  for  sections  which  are  not 
subjected  to  torsional  stresses. 
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For  sections  subjected  to  shear  and  tensile  forces,  the  value  (qc)  is  neglected 
(equal  to  zero). 

5-4-1 -5  If  the  shear  stress  (q)  is  more  than  the  concrete  strength  (qc),  web 
reinforcement  should  be  used  according  to  art.  (5-4- 1-7)  by  using  one  or 
more  of  the  following  types  : 

1-  Stirrups  perpendicular  to  the  axis  of  the  member. 

2-  Inclined  stirrups. 

3-  Bent  bars  making  an  angle  not  less  than  30°  with  the  axis  of  the 
member,  and  stirrups  perpendicular  to  the  axis. 

5-4-1 -6  The  web  reinforcement  should  resist  the  value  qs 
where 


qs  =  q-0.5qc 


(5-8) 


Figure  (4-7)  shows  the  zones  requiring  web  reinforcement,  with  attention  to 
article  (4-2-2- 1-6)  of  the  minimum  percentage  of  the  web  reinforcement  in 
the  other  parts. 

5-4-1-7  Calculation  of  the  web  reinforcement 


Type  of  shear  reinforcement 

Shear  stress  carried  by  rft. 

a 

Stirrups  perpend,  to  the  axis 

A  f 
a  =  st  s 
st  bs 

5-9 

b 

Inclined  stirrups  or  bent  bars 
with  angle  a  to  the  axis 

A  f  (sin  a  +  cos  a) 
sb  s 

5-10 

c 

Bent  bars  +  perpend,  stirrups 

%  =  V+  ^sb 

5-11 

d 

If  a  =  45°  then 

A  ,  f 

q  .  -  sb  s 

b  s 

5-12 

Where:  s  =  Spacing  between  stirrups. 

Ast=  Cross  sectional  area  of  stirrups. 

Asb=  Cross  sectional  area  of  inclined  stirrups  or  bent  bars. 
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5-4-1-8  General  requirements  for  the  choice  and  arran2ement  of 

web  reinforcement 

All  requirements  related  to  the  minimum  percentages,  and  the 
detailing  of  the  web  reinforcement  given  in  article  (4-2-2- 1-6)  should  be 
taken  into  consideration. 

5-4-2  Slabs  and  footings 

1- The  shear  stresses  in  slabs  and  footings  are  calculated  in  the  longitudinal 
and  transverse  directions,  same  as  for  beams  according  to  articles 
(5-4- 1-2  )  to  (5-4- 1-4),  taking  into  consideration  that  nominal  shear  stress 
calculated  from  eqn  (5-6)  shall  be  less  than  0.5  qc  given  in  table  (5-1). 

2- Punching  shear  stresses  are  calculated  according  to  article  (5-4-3). 

5-4-3  Punchine  shear 

5-4-3 -1  The  critical  section  for  punching  shear  stresses  is  at  distance  (d/2) 
from  the  perimeter  of  the  concentrated  load  (figure  4-9). 


5-4-3 -2  Punching  shear  stress: 


q  =Q  /(b  d)  (5-13) 
xp  p  v  o  7  7 


Where  b«  is  the  length  of  the  perimeter  of  the  critical  section. 

5-4-3 -3  The  effect  of  the  moment  transmitted  from  flat  slabs  to  columns, 
should  be  added  to  the  punching  shear  according  to  article  (6-2-6-7). 

5-4-3-4  The  thickness  of  the  slabs  and  footings  necessary  to  resist  the 
punching  shear,  should  be  calculated  on  the  condition  that  the  punching 
shear  is  resisted  by  concrete  only  without  contribution  of  the  shear 
reinforcement,  and  it  should  satisfy  the  following  eqns: 


Column 

position 

interior 

edge 

Comer 

q,  - 2.5 (a'+0.2) q  <q 

Ab  v  b  7  xp  Acp 

0 

5-14-a 

oc 

4 

3 

2 

qP  =  [  0.5  +  (a/b)  ]  qcp  ^  qcp 

5-14-b 

Where: 

value  of  qcp  is  given  in  table  (5-1),  (a,  b)  are  shown  in  figure  (4-9), 

and  article  (4-2-2-3-d). 
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5-5  DESIGN  OF  SECTIONS  SUBJECTED  TO  TORSION 

5-5-1  The  critical  sections  are  taken  according  to  article  (4-2-3-1). 

5-5-2  Nominal  shear  stresses  due  to  torsional  moment: 

a) For  solid  R.C  sections 

Where  A0 ,  te  are  defined  in  art  (4-2-3 -2). 

b)  For  T  &  L  -  sections,  the  effective  part  of  the  slabe  can  be  neglected  and 
eqn.  (5-15)  can  be  used. 

If  the  effective  part  of  the  slab  is  considered,  refer  to  article  (4-2-3-2)  and 
figure  (4-1 1-b). 

c) For  box  sections:  refer  to  art.  (4-2-3-2-d). 

5-5-3  Effect  of  torsional  moment  may  be  neglected,  if  the  resulting  value  of 
qt  is  less  than.  0.04^/f^  /fc 

5-5-4  Shear  stresses  resulting  from  torsional  moment  should  not  be  more 
than  (q2).  This  should  be  multiplied  by  the  factor  (5ti),  if  the  section  is 
accompanied  by  shearing  force.  Also,  the  shear  stresses  resulting  from 
shearing  forces  should  not  be  more  than  (q2)  multiplied  by  (5si),  if  it  is 
accompanied  by  torsional  moment. 


qt2  =5ti  ^2 

(5-16) 

^S?  ~^si  ^2 

(5-17) 

respectivity. 

5-5-5  Steel  rft.  required  to  resist  combiend  shear  and  torsion: 

If  qt2  >  >  0.04  cu  /  Yc  ,  web  and  longitudinal  rft.  should  be  used  to 

resist  torsional  moment.  This  rft  is  to  be  added  to  any  rft.  required  to  resist 
flexure  and  shear  stresses. 

a)  Area  of  transverse  rft.  Astr  which  consists  of  closed  stirrups  or  welded 
wire  mesh  [fig.  (4-12)]: 
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1 


For  rectangular  section 


Agtr  —  Mt.s  /  2Ao.fs 

(5-18-a) 

Astr  =  Mt.s/  1.7  X  i.yi.fi 

(5-18-b) 

.-W,  X  i  ,  yi  ,  s  are  defined  in  article  (4-2-3 -5) 

Cross  sectional  area  of  stirrups  required  to  resist  shear  and  torsion  shall  not 
be  less  than  the  value  given  in  eqn  (4-52). 
b-  Area  of  additional  longitudinal  rft.: 


Asj  =  (AstrJPh  /  s)  (fyst  /  fy)  (5-19) 


Where  Ph  is  defined  in  article  (4-2-3-2) 

This  rft.  is  distributed  along  the  outside  perimeter.  The  longitudinal  rft. 
should  not  be  less  than  the  value  given  in  eqn  (4-53-b). 

-  Spacing  between  stirrups  should  not  be  more  than  the  smaller  of 
Ph  /  8  or  200  mm. 

-  The  minimum  bar  diameter  used  in  longitudinal  rft.  is  the  greater  of  ( 1/1 5) 
the  spacing  between  stirrups  or  12  mm. 

Table  (5-2)  Transverse  rft.  to  resist  the  torsional 
moment  and  shearing  force 


q,  <0.04  If  /y 
ft  V  cu  'c 

q,  >0.04  If  /y 
ft  V  cu  'c 

q  -ic 

The  minimum  %  of  steel 
rft.,  article  (4-2-2-1-6) 

Rft.  to  resist  the 
torsion  (q  ) 

q>qc 

Rft.  to  resist  the  shear 
(q  -  qc  /  2) 

Rft.  to  resist  both  of 
(q-qc/2),(qt) 

-  The  additional  longitudinal  rft.  is  distributed  on  the  perimeter  of  the 
section.  Spacing  between  bars  should  not  be  more  than  300  mm.  One  bar 
is  placed  at  each  corner. 

-  The  additional  rft.  is  added  to  the  longitudinal  rft.  required  for  resisting 
the  bending  moment. 

-  The  transverse  /  and  longitudinal  rft.  required  to  resist  the  torsional 
moment,  should  be  extended  by  a  distance  equal  1/2  the  perimeter  of  the 
stirrup  after  the  theoretical  end  point  of  this  rft. 
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-  It  is  not  allowed  to  redistribute  the  torsional  moment  in  the  statically 
indeterminate  structures  in  which  torsional  moment  is  essential  for 
equilibrium. 

5-5-6  The  torsional  rigidity  is  calculated  as  shown  in  article  (4-2-3 -4-7). 

/ 

5-6  BEARING 

5-6-1  Bearing  resistance  should  not  be  more  than  (0.3  fcu  Ai). 

Ai  =  Bearing  area 

5-6-2  If  the  resisting  surface  is  bigger  than  loading  surface,  the  bearing 
resistance  will  be  equal  to  the  value  given  in  (5-6-1)  multiplied  by  the  factor  , 

A2:  The  biggest  area  of  the  resisting  surface,  identical  in  shape  and  centric 
with  loading  surface,  figure  (4-14). 

5-6-3  If  the  resisting  surface  has  inclined  surface  or  pyramidical  shape,  area 
A2  is  taken  equals  to  bottom  base  area  for  the  biggest  cone  inside  this 
pyramid  or  inconplete  cone  inside  the  pyramidical  shape  that  its  upper  base  is 
the  loading  surface  and  has  a  side  slope  2:1.  _ 
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CHAPTER  (6) 

STRUCTURAL  ANALYSIS  OF  STRUCTURAL  ELEMENTS 

6-1  General  Assumptions 

a)  Any  method  of  structural  analysis  can  be  used  if  it  achieves  the  structure 

equilibrium  and  strains  compatibility. 

b)  The  different  elements  of  a  structure  are  to  be  designed  for  the 
maximum  internal  forces  that  are  liable  to  take  place  due  to  dead  and 
live  loads  placed  in  the  worst  position. 

c)  Ordinary  buildings  subject  to  uniform  loads  may  be  calculated  for  full 
panels  loaded,  i.e  without  considering  partial  loading  of  any  span. 

d)  When  calculating  the  reactions  of  the  slabs  and  beams  it  is  allowed  to 
neglect  the  effect  the  effect  of  continuity  for  approximately  equal  spans 
and  loads,  provided  that  the  reaction  of  the  first  internal  support  is 
increased  by  1 0%  and  the  shear  at  the  face  of  the  first  internal  support  in 
the  edge  spans  is  increased  by  20  %. 

e)  Effect  of  continuity  should  be  considered  when  calculating  the  reactions 
of  beams  on  columns  or  girders,  if  the  spans  differ  by  more  than  20  %  .  In 
this  case,  the  reactions  may  be  calculated  for  all  panels  loaded. 

f)  In  case  of  cantilever  slabs  or  beams,  the  reactions  at  external  supports 
should  be  increased  due  to  the  cantilever  moment . 

g)  In  ordinary  buildings,  it  is  not  necessary  to  consider  the  effect  of 
temperature  and  shrinkage  in  the  statical  calculations  except  in  buildings 
in  which  the  stresses  produced  by  temperature  have  a  considerable  effect. 
Expansion  joints  should  however  be  arranged  in  long  buildings  to  reduce 
the  effect  of  temperature  and  shrinkage  according  to  sections  (9-5-7)  and 
(9-5-8). 
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h)  Long  term  strains  may  not  be  taken  into  consideration  in  the 
calculations  of  the  internal  forces  in  ordinary  buildings  except  when 
these  strains  have  a  considerable  effect. 

6-2  SLABS 

This  part  includes  the  following  types  of  slabs  : 

1-  One  way  solid  slabs. 

2-  Two  way  solid  slabs. 

3-  Ribbed  and  hollow  block  slabs. 

4-  Panelled  beams. 

5-  Flat  slabs. 

6- 2-1  ONE  WAY  SOLID  SLABS 

Definition 

1 )  One  way  solid  slabs  are  slabs  supported  in  one  direction  on  two  opposite 
beams  or  walls 

2)  Slabs  supported  on  four  sides  with  effective  length  greater  than  twice  its 

effective  breadth  (L/Lg  >  2  ). 

3)  One  way  slabs  are  to  be  calculated  based  on  strips  of  unit  length  in  the 
short  diection. 

6-2-1-1  Effective  span  The  least  of 


Simple 

slabs 

p  1.05  L0 

Cl  -  CL  of  beams  or  greatest  of 

Lo  +  ts 

Contiiever 

slabs 

Cl  till  end  or  L0  +  ts 

St 


i. 


Lo - *1 


- A 

\ 

u 

Lu 

Li  1 

-•f-W*- 


-►MJ-k- 


k)+ 


Continuous  slabs  with  b  >  20  %  L0  can  be  designed  as  fixed  slabs  with 
separate  bays. 

6-2-1-2  Minimum  thickness 

1)  Minimum  thickness  must  satisfy  the  deflection  condition  according  to 
article  (4-3)  and  there  may  be  no  need  for  check  of  deflection  if  the  slab 
thickness  is  not  less  than  the  value  given  in  table  (4-10). 
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Table  (4-10)  Max  span  /  depth  ratio  (L/d) 


(L/d)  min. 

4  -P 

4 

ts  A 

A  y 

3  If 

d 

High  tensile  steel 

20 

24 

28 

10 

Normal  mild  steel 

25 

30 

35 

12 

where  L  =  Effective  span 


Case  of  loading 

Cantil.  slabs 

other  slabs 

All  loads,  taking  temp.,  creep  and 
shrinkage  effect  into  consideration 

U 

450 

L 

250 

Loads  including  finishes,  temp, 
creep,  shrinkage  but  without  L.L. 

L' 

600 

—  or  20  mm 
350 

2)  Slab  thickness  must  not  be  less  than  the  following  values: 


£r 


-6 


tmin=L/30 


tmin=L/35 


tmin— L/ 40 


Where  L  is  the  effective  span  for  the  pnewav  slab. 

3)  For  ordinary  buildings  the 
slab  thickness  should  not 
be  less  than  : 


t  ^  80  mm  under  static  loads 
S 


t  120  mm  under  dynamic  loads 
S 


4)  For  pre-cast  slabs,  the  thickness  can  be  taken  less  than  the  above  values. 

6-2-1-3  Bendine  moments: 

1) Continuous  slabs  can  be  calculated  as  continuous  beams  over  rigid 
supports  on  the  condition  that  the  top  steel  is  kept  in  the  right  position. 

2) Negative  moments  can  be  reduced  as  shown  in  figure  (6-1). 

3) Positive  bending  moments  in  any  intermediate  span  should  not  be  less  than 
(+wL2/16)  taking  into  considration  art.  (4-2-1-2-g). 

4) Min  -  ve  B.M.  at  exterior  supports  for  slabs  supported  over  walls, 
masonry  or  plain  concrete  (with  partial  fixation),  is  given  in  eq.  (6-1) 

5) For  slabs  supported  overR.C.  beams  monolithically  casted  with  the  slab  is 
given  in  eq.(6-2).  The  positive  bending  moments  are  to  be  calculated 
neglecting  this  partial  fixation. 

6)  Slabs  can  be  considered  fixed  at  their  ends  if  they  are  prevented  to  rotate 
by  acertain  enough  method  at  all  cases  of  loading. 
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7) In  cases  of  heavy  live  loads  P  >  2g  ,  the  Min.  negative  field  iftoments  must 
be  calculated.  If  the  slabs  are  casted  monolithically  with  beams,  the  -ve 
field  moments  due  to  live  loads  only  can  be  reduced  to  one  half  their 
values  due  to  torsion  rigidty  of  beams  which  carry  the  slabs  Min-ve  field 
moment  is  taken  accaording  to  eqn  (6-4). 

8) In  cases  of  equal  loads  (and  p^g)  and  equal  spans  or  spans  with  max. 
difference  of  20  %  from  biggest  span,  the  values  of  the  bending  moments 
according  to  equation  (6-3)  may  be  assumed  . 

9)  In  cases  of  design  using  limit  state  method  ,  wu  is  used  instead  of  w. 


a 

Min  -  ve  B.M.  over  exterior  supports 

M  min=-wL2/16 

-ve 

6-1 

l)Walls,  masonry  or  plain  cone, 
(supports  with  partial  fixation) 

2)  R.C.  beams  monolithically  casted 
with  slabs. 

M  min  =  -wL2/24 

-ve 

6-2 

b 

B.M.  for  equal  spans  &  loads 
(or.differenQe.<-2Q.24) 

1)  Simple  span 

M  + ve  =  wL^/8 

6-3 -a 

2)  Two  spans 

M  +  ve  =  wL2/10 

M  -  ve  =  wL2/8 

6-3 -b 

6-3 -c 

3)  Continuous  slabs  : 
value  of  K  given  in  fig.  (6-2) 

M=  ±  wL2/k 

6-3-d 

c 

In  case  of  heavy  L.L.  (p>2g) 

The  min.-ve  field  moment 

L2 

M  .  =  (g-(p/2))  — 
min  v&  ^  "  24 

6-4 

_  wL2/24 


HIE 


beam 


b  min  ts  or  10cm 
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6-2-1-4  Reinforcement 


1 

Minimum  main  reinforcement : 

normal  mild  steel 

A  >  0.25%  A  but  0.1 5%  A  chosen 

s  c  req.  c 

high  tensile  steel 

Ag>  0.25%  Acrea  but  0.15%  A.  req. 

fy(°)  C 

2 

Rft.  must  cover  all  tension  zones  and  extend  by  the  required 
development  length. 

3 

For  equal  spans  and  equal  loads  or  with  variation  of  max  20%,  the 
details  of  Rft.,  figure  (6-2),  may  be  adopted. 

4 

Maximum  spacing  between  main  steel  bars  should  not  be  more  than 
twice  slab  thickness  and  not  more  than  200  mm. 

For  ts  <  100  mm  max  spacing  can  be  taken  200  mm. 

5 

Min.  (1/3)  of  bottom  main  rft.  must  be  extended  to  supports. 

6 

When  using  st.  mesh,  the  above  conditions  must  be  satisfied. 

7 

Secondary  steel  A's  ^0.2  Asmain  with  min. 4  bars/m' 

8 

Min.  diameter  is  <\>  6  mm  for  straight  bars  and  <\>  8  mm  for  bent  bars. 
Bars  with  smaller  diameter  may  be  used  for  welded  wire  mesh  and  for 
precast  concrete. 

9 

Upper  steel  mesh  should  be  added  for  slabs  with  thickness  more  than 
160  mm  with  As  >  20  %  of  main  steel  in  each  direction  with  lower 

limit  5  (j>  8/m'  for  mild  steel  and  5  0  6/m'  for  high  tensile  steel. 

6-2-1-5  Supports 

Breadth  for  slab  support  should  not  be  less  than  slab  thickness  and  not  less 
than  100  m  except  for  precast  slabs. 

Min.  thickness  of  bearing  wall  =150  mm, 
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SUMMARY: 


ONE  WAY  SOLID  SLABS'" 


Simple  slabs 

C  ->  C  of  beams 

L  L 

+ts 

Cantilever  slab 

— >  end 

Lq  +ts 

6-2-1-1  Effective  span  : 

The  least  of : 

6-2-1-2  Min,  dimensions 

-  Min.  slab  thickness  = 


80  mm  static  loads 
120  mm  dynamic  loads 
and  not  less  than  that  required  for  max  span/  depth  ratios  given  in  table 
(otherwise  check  deflection): 


max  (span/depth)  ratio 


High  tensile 
steel 


Normal  mild 
steel 


A  s~ 


20 


25 


24 


30 


28 


35 


10 


12 


max. 

deflection 

Cantilever 

other 

slabs 

slabs 

L'  /  450 

L/250 

L'  /  600 

L 

- or  20mm 

350 

6-2-1-3  Bending  moments 


a 

Min  -  ve  B.M.  over  exterior  supports 

1)  Walls,  masonry  or  plain  cone, 
supports  with  partial  fixation 

M  •  =-wL2 3 4 5/16 

-ve  mm 

2)  R.C.  beams  monolithically  casted 
with  slabs 

M  .  =-wL?/24 

-ve  mm 

b 

B.M.  Equal  spans  &  loads  (difference  <  20  %) 

. .  j- .  .  -24  -24 

1)  Simple  span  A A 

M  +  ve  =  wL2/8 

2)  Two  spans  _24  _8  _J4 

A  410  A  410  A 

, ,  wL2  -wL2 

M  ,  = - ,  M  = - 

+ve  io  -ve  8 

3 'l  Continuous -24  -io  .  -12 

slabs  :  A  +»  A  *’2  * 

M=±wL2/k 

c 

In  case  of  heavy  L.L.  (  P>  2g) 

The  min.  -ve  field  moment 

L2 

M  .  =[g-(p/2)]  — 
mm  Lfo  n  24 

6-2-1-4  Min,  rft. 

1  -  Min  main  rft  should 
not  be  less  than  : 


st  240/350 

0.25  % 

st  360/520 

0.167% 

st  400/600 

0.15  % 

of  Ac 
required 


and  not  less 
than  0.15  % 
Ac  chosen 


2)  As  distributers  <£  20%  As  main  with  min  4  <J>  6/m' 

3)  Min  <j)  6  for  straight  bars  &  <j>  8mm  for  bent  bars 

4)  Max  spacing  :  2ts  or  200  mm. 

5)  Min  1/3  main  steel  must  extend  to  supports. 
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6-2-2  TWO  WAY  SOLID  SLABS 

6-2-2-1  General 

1 - Rectangular  slabs  supported  on  all  four  sides  can  be  considered  as  two 
way  slabs  if  the  rect angularity  ratio  according  to  sec.(6-2-2-4)  is 
samaller  than  2. 

2- These  slabs  can  be  solved  according  to  the  elastic  theories  on  condition 
that  rft.  resisting  negative  moments  is  placed  in  its  right  position  during 
casting. 

3- This  code  of  practice  is  valid  only  for  ordinary  buildings  with  small 
live  load  up  to  400kg/m2.  Slabs  of  other  structures  such  as  bridges, 
liquid  containers,  storehouses  ....  etc.,  are  to  be  designed  according  to 
their  corresponding  special  codes. 

6-2-2-2  Spans  :  Refer  to  sec.  (6-2-1 -1) 

6-2-2-3  Min,  thickness 


For  simply  supported  slabs 

tmin  a/3  5 

6-5-a 

For  slab  continous  at  one  end 

tmin  =  a/40 

6-5-b 

For  contin.  or  fixed  slabs 

f-min  a/45 

6-5-c 

where  a  =  the  smaller  effective  span  of  the  slab. 

Conditions  (3&4)  according  to  art.  (6-2- 1-2)  should  be  satisfied. 

6-2-2-4  Simplified  method  for  calculating  bending  moments  in  two 

wav  slabs 

Rectangular  slabs  monolithically  casted  with  beams  and  supported  on  all  four 
sides  where  effective  length  is  not  more  than  two  times  the  effective  breadth, 
and  subjected  to  uniform  loads  can  be  calculated  in  normal  cases  according 
to  the  following  simplified  method: 

Assume  a  and  b  =  theoritical  spans 

ma  =  ratio  of  length  between  points  of  inflection  for  a  loaded  strip  in 
direction  of  span  “a”  ,  to  the  span, 
mi,  =  same  for  span  “b” 

Values  of  m  and  mi  are  to  be  determined  from  theory  of  elasticity. 
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In  continuous  slabs,  the  following  approximation  in  determining  the  values 
the  of  m  and  mi  may  be  adopted: 

Slab  conditions 

Simply  supported 

Contin.  at  one  end 

A _ 

Contin.  at  both  ends 

A   ,  a 

.A 

3 - 1 

ma  and  mb 

1 

0.87 

0.76 

On  these  assumptions  the  rectangularly  ratio  between  lines  of  inflection  (r) 
can  be  determined  as  follows: 

r  =  bi/ai=(mbb)/(ma.a)  ..  (6-6) 

Table  (6-1)  gives  the  values  of  a  amd  P,  which  are  used  in  calculating  the 
bending  moments  in  two  way  slabs,  in  the  two  directions  a  and  b 
respectively,  according  to  the  corresponding  value  of  r,  and  these  values  for 
live  load  <  5  KN/m2 

Where  oc  =  0.5  r  -  0.15  &  J3  =  0.35  /r2  (6-7) 

If  live  load  >  5  KN/m2,  load  is  distributed  according  to  table  (6-3). 

B.M.  value  for  slabs  in  both  directions  can  be  taken  as  following: 

Ma 

Mb 

Continous  from 
one  side 

±  oc  wa2/i0 

±  P  wb2/io 

6-8-a 

Continous  from 
the  two  sides 

±  oc  wa2/]2 

±  P  wb2/i2 

6-8-b 

Simply  supported 

±  oc  wa2/s 

±  p  wb2/g 

6-8 -c 

9 

6-1-2-5  Reinforcement  details: 

1- 

Max.  spacing  of  main  reinforcement  in  middle  spans  is  twice  the  total 
thickness  of  slab,  but  not  more  than  200  mm  . 

However,  for  slabs  smaller  than  1 00  mm,  5  bars  per  meter  may  be 
allowed. 

2- 

Reinforcement  in  secondary  direction  should  not  be  less  than  0.25  of 

the  main  reinforcement  and  not  less  than  5  bars  per  meter. 

Positive  reinforcement  adjacent  and  parallel  to  a  continuous  edge 
may  be  reduced  by  25%  for  a  width  not  exceeding  A  of  the  shorter 
dimension  of  the  panel. 

4- 

Lor  other  constructional  datails,  refer  to  one  way  slabs  (art.  6-2-1 -4). 

6-2-2-6  Load  distribution  for  slabs  rested  on  masonry  walls: 

In  this  case  loads  is  distributed  according  to  table  (6-2)  but  live  load  must  be 
less  than  5  KN/m2.  If  live  load  >  5  KN/m2,  values  in  table  (6-3)  must  be  used. 
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Table  (6-1)  a  and  B  values 


for  solid  slabs  casted  monolithically  with  beams  &  subjected  to  uniform 

L.L.  <  5  KN/m2 


r 

1.00 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.00 

a 

0.35 

0.40 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0.85 

JL _ 

0.35 

0.29 

0.25 

0.21 

0.18 

0.16 

0.14 

0.12 

0.11 

0.09 

0.08 

whrer  :  P  =  0.35/ r2  &  a=0.5r-0.15 


Table  (6-2)  (Marcus)  :  a  &  B  values 
and  for  two  wav  ribbed  slabs  with  complete  comp,  flange 


r 

1.00 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.00 

a 

.396 

.473 

.543 

.606 

.660 

.706 

.746 

.778 

.806 

.830 

.849 

P 

.396 

.333 

.262 

.212 

.172 

.140 

.113 

.093 

.077 

.063 

.053 

Table  (6-3)  (Grashoff)  Values  of  a  and  (3 

for  ribbed  slabs  with  non  -  complete 
compression  flange  (cover  slab  partially  omitted) 


r 

1.00 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.00 

a 

.500 

.595 

.672 

.742 

.797 

.834 

.867 

.893 

.914 

.928 

.914 

.500 

.405 

.328 

.258 

.203 

.166 

.133 

.107 

.086 

.072 

.059 

Where:  =  1  /  (1  +  r4  )  &  oc  =  r4  /  (  1  +  r4  ) 

i/ 

6-2-3  DESIGN  OF  SLABS  BY  THE  YIELD  LINE  THEORY 


Slabs  may  be  designed  according  to  the  yield  line  theory  which  depends  on 
the  behaviour  of  slabs  at  failure  stage. 

When  using  this  method  in  the  design,  the  minimum  slab  thickness  must  be 

checked  .  It  must  be  regarded  that  this  method  doesn’t  satisfy  the  conditions 

of  crack  width  control  for  slabs  exposed  to  environmental  conditions  of 

category  three  &  four  according  to  sec.  (4-3-2-4-e).  Thus  it  must  not  be 

> 

used  in  these  cases.  The  ratio  of  the  max.  negative  moment  (M  )  to  the 

max.  positive  moment  (Mu)  must  lie  between  1  &  1.5. 

M  /M  =1.00 ->1.50  (6-9) 

u  u  " v  J 
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6-2-4  CONCENTRATED  LOADS  ON  SLABS 

Concentrated  loads  on  slabs  may  be  : 

a)  Concentrated  single  loads. 

b)  Concentrated  line  loads  (such  as  walls) 

Slabs  subjected  to  concentrated  loads  must  be  calculated  according  to 
the  theory  of  elasticity.  Also  the  following  method  for  analyzing  such 
slabs,  may  be  followed  : 

6-2-4-1  ©ne  wav  slabs  : 

6-2-4-1-1  Max.  breadth  for  concentrated  load  distribution 

For  :  ti  =  breadth  of  load  perpendicular  to  the  main  steel . 
t2  =  breadth  of  load  parallel  to  the  main  steel, 
c  =  thickness  of  cohesive  flooring, 
t  =  slab  thickness  . 

Si=  initial  breadth  for  load  distribution  perpendiclar  to  the  main  steel 
S2~  initial  breadth  for  load  distribution  parallel  to  the  main  steel. 

Then:  Si  =  ti  +  2c  +  t  ^  ..(6-10) 

S2=t2+2c  +  t  ..(6-11) 

The  load  breadth  will  be  equal  to  Si  at  the  top  of  support  and 
increases  gradually  until  it  reaches  the  max.  breadth  of  distribution  indicated 
latter. 

The  increase  in  breadth  follows  lines  inclined  with  an  angle  a  with  the 
direction  of  main  reinforcement  as  shown  in  fig  (6-3)  in  which  : 
tan  a  =  1  for  calculation  of  B.M. 
tan  a  =  1/2  for  calculation  of  S.F. 

Therefore,  the  maximum  breadth  of  distribution  in  the  perpendicular 
direction  to  the  main  steel  for  calculating  the  bending  moments  : 

A  (sec) 

=  s+ — - - xL  ...(6-12) 

1  As(main) 

The  max.  ratio  of  A  (sec)  /  A  (main)  to  be  taken  in  the  equation  is  2/3. 

s  s 

The  max.  breadth  is  not  to  exceed  si  +  2.00  meters  or  the  length  of  slab  in 
the  perpendicular  direction  to  the  main  reinforcement. 
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floor  cover 
'  1 
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(6—3—oJ  Concentrated  load  of  the  middle 
of  slob 


floor  cover 

=L 


/  \ 


-i£3 


f- 
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.§ 

| 
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(6-3- 


d)  Line  load  perpindicular  to  the  supporting 
axis  of  s/ob 


( 6-3-c )  Line  food  poro/ell  to  the  supporting 
axis  of  slob 


Fig.  (6-3)  :  Distribution  of  concentrated  and  line  loads  on 
one  way  slobs 
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where  L  =  effective  span  for  simply  supported  slabs 
&  L  =  distance  between  inflection  lines  in  continuous  slabs. 

If  the  concentrated  load  is  near  to  the  unsupported  side  of  the  slab  or  near 
to  the  beams  of  shorter  sides,  the  effective  length  is  taken  for  distribution  and 
perpendicular  to  the  main  rft  equal  to  half  the  mentioned  values  plus  the 
distance  between  the  center  of  load  &  the  unsupported  side  or  the  edge  of 
the  beam  on  the  short  direction  of  the  slab. 

The  maximum  breadth  of  distribution  for  calculation  of  shearing  forces  in  the 
perpendicular  direction  to  the  main  reinforcement  is  given  by 

A'  (sec) 

—  s  + — - - xL 

1  A^(main) 

That  value  is  not  to  exceed  Sj  +  L/3  or  Sj  +  1 .00  meter  or  length  of  slab 

in  direction  perpendicular  to  the  main  rft. 

When  the  concentrated  load  is  near  to  the  beam  at  the  short  direction 
of  the  slab,  then  max.  distribution  length  for  calculating  S.F.  is  si  +  4  t. 

6-2-4-1-2  Bending  moments  and  design: 

a)  In  calculating  the  additional  bending  moment  due  to  the  concentrated 
load,  it  is  taken  into  consideration  that  the  concentrated  load  is 
distributed  on  a  length  (s2)  of  the  effective  span  of  the  slab.  The  breadth 
affected  by  that  load  in  the  perpendicular  direction  and  which  is 
considered  in  the  design  of  the  slab  is  the  maximum  length  of  distribution 
in  the  perpendicular  direction  on  the  main  reinforcement  as  mentioned 
before. 

b)  The  bending  moment  considered  for  design  inside  the  maximum  breadth 
of  distribution  =  the  sum  of  bending  moments  due  to  dead  and  live  loads 
plus  the  additional  bending  moment  due  to  the  concentrated  load. 

c)  The  main  reinforcement  is  calculated  and  placed  according  to  what  have 
been  mentioned.  The  additional  secondary  rft.  due  to  concentrated  load 
to  be  extended  a  length  at  least,  equal  to  the  breadth  of  distribution 
considered. 
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6-2-4-2  Concentrated  loads  on  two-way  solid  slabs 

If  ai  and  bi  are  the  short  and  long  suspended  spans  respectively  and 
bi/ai^l.5,  it  is  allowed  to  use  the  following  load  distribution  in  two 
directions.  For  values  of  bi/ai  exceeding  the  given  value,  the  slab  may  be 
considered  one  way. 


Concentrated  load  distribution  in  2  directions: 


A  'N 

Load  in  dir  ection  ai , 

P  -p 

ai  ai+t>! 

(6-13-a) 

Load  in  direction  b, 

Pi  ~P  a' 
fel  ai+b! 

(6-13-b) 

Max.  breadth  of  distribution  in  direction  of  ai  =  S2  +  4  ai 

..(6-14) 

3, 

Max.  breadth  of  distribution  in  direction  of  bi  =  S,  +  0.4  a,  (2-—) 

b, 

..(6-15) 

Calculation  of  bending  moment  due  to  the  concentrated  load  in  2  directions: 

In  direction  ai :  Pai  is  considered  distributed  on  a  length  (  =  S2  +  0.4  ai )  of 
the  effective  span  (a) ,  and  a  breadth  =  Si  +  0.4  aj  (  2-  ai/bi  )  in  the  direction 
perpendicular  to  direction  (ai)  .  That  breadth  is  the  breadth  considered  in 
the  design  of  the  slab. 

In  direction  bi  :  pbi  is  considered  distributed  on  a  length 
=Si  +  0.4  ai(  2-  ai/bi )  of  the  effective  span  (b)  and  a  breadth  =  S2  +  0.4  ai 
in  the  direction  _L  to  direction  (bi). 

These  additional  bending  moments  have  to  be  added  to  the  bending 
moments  due  to  dead  and  live  loads.  The  total  reinforcement  in  each 
direction  is  to  be  calculated  and  placed  in  the  lengths  affected  by  the 
concentrated  load. 
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SUMMARY: 


TWO  WAY  SOLID  SLABS 


Min.  thickness: 

where  a  :  short  span,  b  :  long  span 
Ratios  of  rectangularity: 
r  =  mb  b/m  a.a 

ma  and  mb 

« 


simply  sup.  slabs 

tmin  3/3  5 

continuous  slabs 

tmin  a/45 

d  p 

S.  Zv. 

A.  £ 

a  l 

1.0 

0.87 

0.76 

%  \0  \7 


Ma 

Mb 

Continous  from 
one  side 

±  x  wa2/io 

0 

£ 

CO. 

+1 

6-8-a 

Continous  from 
the  two  sides 

±  x  wa2/12 

±  P  wb2/i2 

6-8-b 

Simply  supported 

±  x  wa2/8 

±  p  wb2/8 

6-8-c 

Table  (6-1)  a  and  P  values  for  solid 
Slabs  casted  monolithically  with  beams  (P  =  0.35/r2)  (L.L  <  5  KN/m2) 


r 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.00 

a 

.35 

.40 

.45 

.50 

.55 

.60 

.65 

.70 

.75 

.80 

.85 

.35 

.29 

.25 

.21 

.18 

.16 

.14 

.12 

.11 

.09 

.08 

Table  (6-2)  (Marcus) :  a  &  P  values 
for  slabs  resting  on  masonry  walls 
and  for  two  way  ribbed  slabs  with  complete  comp,  flange 


1.00 


1.1 


1.2 


1.3 


1.4 


1.5 


1.6 


1.7 


1.8 


1.9 


00 


a 


396 


.473 


.543 


.606  .660 


.706 


.746 


.778 


.806 


.830 


149 


396 


.333 


.262 


212  .172 


.140 


.113 


.093 


.077 


.063 


>53 


Table  (6-3)  (Grashofl)  Values  of  a  and  p 
for  ribbed  slabs  with  non  -  complete 
compression  flange  (cover  slab  partially  omitted) 


1.00 


i.i 


1.2 


1.3 


1.4 


1.5 


1.6 


1.7 


1.8 


1.9 


2.00 


a 


.500 


.595 


.672 


.742 


.797 


.834 


.867 


.893 


.914 


.928 


.914 


1. 


.500 


.405 


.328 


.258 


.203 


.166 


.133 


.107 


.086 


.072 


.059 
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6-2-5  RIBBED  AND  HOLLOW  BLOCK  SLABS 

6-2-5-1  General 

*  In  designing  hollow  -  block  slabs,  the  hollow  blocks  are  considered 
statically  not  acting. 


*  The  following  conditions  regarding  dimensions  should  be  complied 
with  (figure  6-4) : 


1 

Max.  clear  spacing  between  ribs  :  e  max  =  700  mm. 

2 

Min  width  of  ribs  :  b  =100  mm  .or  1/3  the  depth  (the  bigger). 

3 

Min  thickness  of  acting  compression  slab  :50mm  or  e/10(the  bigger) 

4 

The  slab  should  be  able  to  carry  concentrated  loads  that  may  act 
between  ribs. 

6-2-5-2  One  way  ribbed  slabs  (Ribs  in  one  direction) 

conditions  : 


1 


2 


3 


e 

b 


Distributing  bars  normal  to  ribs  should  not  be  less  than  the  values 
given  in  art.  (6-3-1-10).  Bars  parallel  to  ribs  are  min.  3  (j>  6  mm/m'  and 
min,  one  bar  ({)  6mm  is  to  be  placed  between  each  2  ribs. _ 

For  L.L.  <  3  KN/m2  and  spans  over  5.0  m  ,  at  least  one  cross  rib  is  to 
be  provided  in  the  middle  of  the  span,  of  a  cross  section  and  bottom 
reinforcement  not  less  than  those  of  the  main  ribs,  and  with  a  top 

reinforcement  of  at  least  1/2  the  bottom  reinforcement . _ 

For  L.L.  >  3  KN/m2,  and  span  ranging  from  4.0  to  7.0  m,  one  cross 
rib  is  to  be  provided  as  above  .  For  spans  above  7  m,  three  cross  ribs 
are  to  be  provided,  with  the  same  dimensions  and  reinforcement  as 
above.  


4-r 


max.  70  cm 

bigger  value  of  5  cm  and  t/^ 


i- 

• - 

main  rft. 

i_ a 

A 

t-4- 

f — £ i 

b 

t  =  bigger  value  of  1 0  cm  and 

Figure  (6-4)  Cross  section  and  dimensions  of  ribbed  slab 
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6-2-5-3  Two-way  ribbed  slabs  (Ribs  in  two  directions') 

There  are  two  cases: 

i )  Beams  having  the  same  depth  of  the  slab  (  embedded  beams),  can  be 
designed  as  flat  slabs  (or  using  the  method  given  for  case  (b)). 

\\)B earns  having  depth  greater  than  slab  depth: 

These  slabs  are  of  two  types: 

1-  Slabs  with  ribs  having  a  complete  compression  flange  : 

a)  If  L.L.  ^  5  KN/m2:  loads  are  distributed  in  both  directions  using  the 
factors  given  in  tabe  (6-2).  The  rft.  in  the  compression  slab  must  not  be 
less  than  3  4>  6  mm/m'  in  each  direction. 

b)  If  L.L.  >  5  KN/m2:  loads  are  distributed  by  using  values  in  tabe  (6-3). 

2- Slabs  with  ribs  having  non  complete  compression  flange  : 

i.e.  the  ribs  have  the  shape  of  T  sec.  with  a  limited  width  of  the 
compression  flange  or  without.  In  this  type  the  loads  are  distributed  in 
both  directions  using  factors  given  in  table  (6-3)  (Grashoff). 

6-2-5-4  General  remaks 

The  following  notes  are  applied  to  both  one  -  way  and  two-way  ribbed  slabs 

1 

Min  .  distribution  bars  in  the  compression  slab  =  3  (})  6  mm/m' 

2 

Shearing  forces  in  ribs  are  to  be  treated  according  to  article 
(6-3- 1-7)  and  (6-2-7 -7)  when  design  two  way  ribbed  slab  as  flat  slab. 

3 

Solid  concrete  part  is  to  be  provided  at  internal  supports  for  continuous 
slabs,  to  resist  negative  bending  moments  and  shearing  forces. 

4 

For  effective  spans  and  bending  moments  in  continuous  slabs  refer  to 
article  (6-2-1 -1)  and  (6-2- 1-3). 

5 

*  % 

The  breadth  of  the  support  over  brick  wall  must  not  be  less  than 

1 5  mm. 

6 

In  case  of  simple  spans,  hollow-blocks  should  not  be  extended  over 
supports  to  provide  solid  parts  to  resist  shearing  forces. 
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6-2-6  Panelled  Beams:- 


a)  when  the  total  dimensions  for  two  way  slabs  is  relativily  big  so  that  it  is 
not  suitable  to  design  it  as  solid  slab  or  ribbed  slab  or  hollow  block  slab, 
a  statical  system  consists  of  panelled  beams  forming  gid  sapporting  a 
group  of  solid  slabs  (or  hollow  blocks)  with  relativily  small  dimension 
can  be  used  for  such  case. 

b)  Panelled  beams  are  regrally  arranged  in  two  perpenduclar  directions 
forming  rectanggular  grid  (or  square),  also  it  can  be  arranged  in 
diagonals  direction  to  form  skew  grid,  or  in  three  directions  to  form 
triangular  grid,  or  in  four  directions  to  form  quadruple  grid. 

c)  This  system  is  structurally  suitable  when  sections  of  panelled  beams  are 

equal  also  when  rectangularly  ratio  for  slabs  total  dimensions  equals 
1.00  1.50. 

d)  Internal  forces  calculation  and  design  of  slabs  between  panelled  beams  is 
according  to  art.  (6-2-2)  and  art.  (6-2-5). 

e)  Internal  forces  in  panelled  beams  are  calculated  by  using  theory  of 
elasticity  which  includes  satisfaction  of  stability  and  strain  compatability 
conditions. 

One  of  the  simplified  method  can  be  used  with  condition  that  this 
solution  must  be  compatable  with  the  actual  behavior  of  panelled  beams 
statical  system. 

f)  Article  (6-3)  must  be  satisfied. 


B1 

1  CM 

CM 

1  m 

pq 

1 

B1 

Panelled  Beams 
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6-2-7-  FLAT  SLABS  (BEAMLESS  SLABS^ 

6-2-7-1  General 


It  is  generally  meant  by  the  term  flat  slab,  reinforced  concrete 
beamless  solid  slabs  with  or  without  drops,  directly  supported  by  columns 
with  or  without  flared  column  heads,  (figure  6-5).  These  slabs  may  be  with 
or  without  drop  panel. 

Flat  slabs  include  solid  slabs,  two  way  ribbed  and  hollow  slabs  with  or 
without  blocks.  c,t,ko,  sh,a. 


Critical  section  for  shear 


c)  Hat  slob  with  drop  panel 
and  with  column  head 


Figure  (6-5)  Types  of  flat  slabs  &  Critical  sections  for  shear 
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Notations  : 

Li  :  Length  of  the  panel  in  the  direction  of  the  span. 

L2  :  Width  of  the  panel  in  the  perpendicular  direction. 

Li  &  L2  are  measured  from  the  centers  of  the  columns  . 

D  :  Diameter  of  the  column  or  column  head,  or  the  largest 
circle  drawn  inside  its  sec. 

w  :  Total  load  per  unit  area  of  the  panal  =  working  load  when 
designing  by 

W.S.D  method  or  the  ultimate  load  when  designing  by 
limit  state  design  method, 
t  :  Total  thickness  of  slab, 
d  :  Effective  depth. 


6-2-7-2  Minimum  dimensions 

a)  Minimum  slab  thickness  : 

Min  flat  slab  thickness  is  1 5  cm 
and  should  not  be  less  than  : 


External 

panel 

internal 

panel 

Without  drop 

L/32 

L/36 

With  drop 

L/36 

L/40 

where  L  =  (Li  +  L2)  12 

b)  Minimum  column  dimensions  : 


f  IJ :  .y  <j>  >-mJ)  1 


The  diameter  of  a  column  (if  circular),  or  the  side  length  of  a  rectangular 
column  should  in  no  case  be  less  than  the  greatest  of  the  following  values: 


*  Dmin  =30  cms 

30  cms 

*  1/20  of  the  panel  length  in  the  same  direction 

L/20 

*  1/1 5  of  the  height  of  the  floor  (H) 

H/15 
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c)  Dimensions  of  column  head  : 

Where  column  heads  are  provided,  the  heads  of  interior  columns,  and  such 
portions  of  the  heads  of  exterior  columns  which  lie  within  the  building, 
should  satisfy  the  following  requirements  : 

*  The  angle  of  the  greatest  slope  of  the  head  should  not  exceed  45°  from 
the  vertical. 


*  The  effective  diameter  D  to  be 
included  in  the  design  should 
not  be  more  than  0.25  L. 


Where  the  column  and  column  head  are  not  of  circular  cross  section  the  term 
diameter  used  in  this  article  should  be  deemed  to  mean  the  diameter  of  the 
largest  circle  which  can  be  drawn  within  the  section. 

d)  Drop  panels  determination  : 

In  cases  when  it  is  required  to  increase  slab  thickness  over  column  head  to 
resist  negative  bending  moments  and  to  reduce  steel  reinforcement,  drop 
panels  may  be  used  with  the  following  conditions  : 

1- Thickness  of  the  drop  below  slab  should  be  at  least  =  1/4  the  slab 
thickness 


2-  Drop  panel  should  extend  at  least 

of  the  span  in  the  direction 

considered,  but  not  more  than  1/4 

of  the  shorter  span.  —  <  x  <  ^min 

6  4 

e)Panels  ar  assumed  to  be  divided  into  the  following  strips  (figure  6-6) 

1 - Column  strip  with  width  =  half  shorter  span  ( Lmjn/2)  except  in  case  of 
drop  panel  where  the  column  strip  width  =  drop  panel  width. 

2- Field  strip  with  width  =  difference  between  span  and  column  strip  width 
(or  drop  panel  width). 
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(6-6-b)  Flat  stab  with  drop  pone / 


FIG. (6—6 ) :  DEVISION  OF  FLAT  SLAB  SPANS  TO  COLUMN  STRIP  &  FIELD  STRIP 
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Figure  (6-7):  Equivalent  column  (columns  and  torsional  elements) 
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6-2-7-3  Structural  analysis 

a)  Flat  slabs  can  be  analyzed  according  to  theory  of  elasticity.  Yield  line 
method  can  also  be  applied  on  the  condition  that  the  ratio  between  the-ve 
and  +ve  and  moments  according  to  article  (6-2-3)  is  satisfied  .  It  is  to  be 
noticed  that  the  last  method  does  not  satisfy  the  crack  width  control  on 
the  tension  side  for  slabs  subjected  to  environment  of  the  third  or  fourth 

’  categories  according  to  article  (4-3-2-4-e),  so  it  must  not  be  used  in 
these  cases. 

b)  Flat  slabs  which  have  columns  on  straight  lines  with  difference  not 
exceeding  10%  of  panel  length  and  perpendicular  to  the  direction  can  be 
designed  according  to  one  of  the  following  two  methods: 

1-  As  continuous  frames  as  given  in  article  (  6-2-7-4). 

2-  Using  empirical  method  explained  in  article  (6-2-7-5). 

6-2-7-4  FRAME  ANALYSIS 
Design  of  flat  slabs  as  continuous  frames 

Flat  slabs  if  not  designed  exactly  according  to  theory  of  elasticity  may  be 
designed  as  follows  : 

a)  The  bending  moments  and  shearing  forces  may  be  determined  by 
analyzing  the  structure  as  a  continuous  frame  and  the  following 
assumptions  may  be  followed  : 

*  The  structure  is  considered  to  be  divided  longitudinally  and  transversely 
into  frames  consisting  of  a  row  of  columns  and  strips  of  slab  with  a  width 
equal  to  the  distance  between  the  center  lines  of  panels  on  each  side  of  the 
row  of  columns. 

*  Each  frame  may  be  analyzed  as  a  separate  frame  with  columnsabove  and 
below  assumed  to  be  fixed  at  their  extremities  under  full  dead  and  live 
load  in  each  direction,  and  in  position  giving  max.  internal  forces.  The 
spans  used  in  the  analysis  should  be  equal  to  the  distances  between  the 
centers  of  supports  and  difference  of  moment  of  inertia  should  be  taken 
into  consideration. 

During  calculating  the  flexure  stiffness  of  columns  one  of  the  following 
methods  can  be  used: 

a-1)  the  summtion  effect  of  each  flexure  stiffness  of  column  and  torsion 
stiffness  of  torsional  elements  which  are  connected  with  the  column  such 
as  beams  and  effective  torsional  parts  of  the  slab  in  direction  1  axis  of  the 
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frame  considering  that  torsi 
according  to  articale  (4-2-3 
consideration. 

The  equivalent  flexure  stiffhes 
following  relation  (fig.  6-7). 
where 

2  kc  =  Summtion  of  stiffh 
of  the  slab  conside 
lower  ends 
kc  =  4  Ec  Ig  /  h3 
h  =  Column  height. 

Ig  =  Moment  of  inertia  outsi 
section  of  column  neglecting  era 
Ec  =  Concrete  modululus  of  ela. 
In  case  of  slabs  with  drop  pane! 
is  preferable  to  calculate  column 
distribution. 

kt  =  Stiffness  of  torsional 
following  relation: 

ional  element  in  flat  slab  equal  to  (ci+3ts) 
-2)  and  fig.  (4-1 1-b)  should  be  taken  into 

s  of  column  is  calculated  according  to  the 

K.C  =  £  kc  [l+(  2  k*  /  k,)]  (6-16-a) 

esses  of  the  column  above  and  below  level 
ring  fixation  of  the  column  at  its  upper  and 

(6-16-b) 

de  the  connection  for  the  whole  comcrete 
icks  and  steel  reinforcement, 
sticity  according  to  art.  (2-3-3- 1). 
or  column  head  or  non-prismatic  columns,  it 
is  stiffness  (Kc)  considering  its  actual  stiffness 

elements  and  it  can' be  calculated  from  the 

Where:  c2  and  L2  are  column  di 
direction  perpendicular  to  anal' 
section  constant  and  it  can  be  ca 

k,  =  I[9.Ec.C  /(Li  (1  -  °2  )3 )]  (6-16-c) 

1^2 

mension  and  panel  length  (respectivily)  in  the 
ysis  direction  according  to  fig.  (6-7),  and  C  is 
.lculated  from  the  following  relation: 

C  =  £  [  1-  0.63  b  / 1  ]  (b3 1  /3  )  (6-16-d) 

Where:  b  is  the  short  dimension  and  t  is  the  other  dimension  of  torsional 
element,  and  value  of  (C)  can  be  calculated  for  T  &  L-  section  by  dividing 
the  section  into  rectangles. 

a-2)  Equivalent  moment  of  inertia  Iec  can  be  calculated  according  to  the 
following  relation  : 

Iec  Ig 

6-17-a 

For  exterior  columns 

V  =  [0.6  +  0.4  (a  W  L„)l  (L*/  Li.)2 

6-17-b 

For  interior  columns 

xp  =  [0.3  +  0.7  (a  L2JLu)1  (W  Lla)2 

6-17-c 

With  condition  that  1.0  >  \\t  >  0.3,  and  the  ratio  (a  L2a  /  Lia)  <  1.0 
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Type  of  moment 

Column 

strip 

Field 

Strip 

-  ve 

moment 

Internal  span 

75% 

25% 

External  span 

80% 

20% 

+  ve  moment 

55% 

45% 

Where:  a  -  the  ratio  between  moment  of  inertia  of  torsional  beam  and 
mement  of  inertia  of  slab  strip. 

Lia  =  average  length  of  the  two  spans  at  column  sides  in  analysis 
direction. 

.  L2a  =  average  length  of  the  two  spans  at  column  sides  in  the  direction 
perpendicular  to  analysis  direction. 

b)  The  slab  should  be  designed  for  the  bending  moments  calculated  at  any 
section,  and  the  negative  moments  should  not  exceed  values  of  negative 
moment  at  column  face. 

The  calculated  bending  moments  should  be  divided  between  the  column 
and  the  field  strips  in  the  proportion  given  in  table  (6-4). 

Table  6-4  Distribution  of  B.M.  between  col.  strips  and  field  strips  (Flat 


c) When  the  col.  strip  is  taken  equal  to  the  width  of  the  drop,  the  width  of 

field  strip  is  increased  to  a  value  greater  than  1/2  of  the  breadth  of  the 
panel.  The  B.M.  in  the  field  strip  (tables  6-4  &  6-5)  should  be  increased 
by  the  same  ratio  and  the  B.M.  in  the  col.  strip  is  to  be  decreased. 
Anyhow  the  sum  of  both  B.M.  in  column  and  field  strip  should  not  be  less 
than  the  sum  of  B.M.  (+ve  &  -ve)  which  is  resisted  by  both  the  column 
and  field  strip  together. 

d) The  effective  width  is  taken  equal  to  the  total  width  of  the  slab  (distance 

between  axis  of  columns)  for  calcolating  the  rigidity  of  the  slab  under 
vertical  loads  while  under  transverse  loads  it  is  taken  equal  to  the  width  of 
column  plus  three  times  the  slab  thickness  from  each  side  of  column  under 
the  condition  that  it  should  not  be  greater  than  1/3  distance  between  axis 
of  columns. 


El  -  Behairy  Design  Handbook  R.C.  code  2001  -  Chapter  (6)  Frame  analysis 


-297- 


FRAME  ANALYSIS 


Table  6-4  Distribution  of  B.M.  between  col.  and 
field  strips  (Flat  slab  designed  as  cont.  frames). 


Type  of  moment 

Column 

strip 

Field 

strip 

— ve 

moment 

Internal  span 

757. 

257. 

External  span 

807. 

207. 

+ve  moment 

557. 

457. 
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6-2-7-S  EMPIRICAL  METHOD 
For  design  of  flat  slabs  under  uniformly  distributed  loads 

a)  This  method  can  be  applied  only  when  the  following  conditions  are 
satisfied  : 

1- The  slabs  should  comprise  a  series  of  rectangular  panels  of  approximately 
constant  thickness  arranged  in  at  least  three  rows  in  two  directions  at 
right  angles,  and  the  ratio  of  the  length  of  a  panel  to  its  width  should  not 

;  L 

exceed  4  :  3  ( i.e.min.  3  spans  ,  —  ^  4:3) 

2 

2- The  length  or  width  of  any  two  adjacent  panels  in  a  series  should  not 
differ  by  more  than  10  %  of  the  greater  length  or  width,  and  any  two 
spans  should  not  differ  by  more  than  20  %.  End  spans  may  be  shorter,  but 
not  longer  than  interior  spans  .  Where  adjacent  spans  differ,  the  length 
should  always  be  taken  as  that  of  the  longer  span  in  calculating  the 
bending  moments. 

3- The  drops,  if  any,  must  have  a  length  in  each  direction  of  not  less  than 
one-third  of  the  panel  length  in  the  same  direction.  For  exterior  panles  the 
width  of  the  drop  at  right  angles  to  the  edge,  and  measured  from  the 
center  line  of  the  column,  should  be  equal  to  1/2  the  width  of  the  drop  in 
interior  panles.  Depth  of  drop  should  not  be  more  than  1/2  and  not  less 
than  1/4  the  slab  thickness. 

b)  Critical  sections  for  B.M.  in  flat  slabs: 


For  interior  panels,  fully  continuous,  critical  sections  are  as  follows: 

*  For  positive  moments:  along  center  lines  of  the  panels  . 

*  For  negative  moments:  along  the  edges  of  the  panel  on  the  line  joining 
the  center  of  columns  and  around  the  perimeter  of  the  column  heads. 
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c)  Bending  moment  in  flat  slabs  : 

Moments  in  each  direction  of  the  panels  are  calculated  according  to  the 
following  equation  : 


,  .  wL  r  T  2  D  .,2 
= - -[  L, - ] 


..  (6-18) 


8  3 

where  Li  =  Length  of  panel  in  the  direction  considered 
L2  =  Length  of  panel  in  the  perpendicular  direction. 

This  moment  should  be  divided  between  the  column  and  field  strips  as  shown 
in  table  (6-5)  . 

d)  In  case  of  heavy  L.L.  the  -veB.M.  at  the  mid  spans  of  interior  panels 
should  not  be  less  than  : 


Column  strip 

M-ve  =  (g-2p)  Lz  [L!-2D]2 

3  40  3 

(  6-19-a ) 

Field  strip 

M  ve  =  (g  2p)  Lj  [  Li  - 2  D]  2 

3  100  3 

(  6-19-b ) 

where  g  and  p  :  the  distributed  dead  and  live  load  . 

Table  6-5  Distribution  of  B.M.  in  panels  of  flat  slabs 

in  percentage  of  M0 


Strip 


End 

support 

type 


Exterior  panel 


-  ve  M 


+  ve  M 


Interior  panel 


-  ve  M 


+  ve  M 


Column 

strip 


A 


40 


B 


30 


30 


45 


25 


field 

strip 


A 


10 


B 


20 


20 


15 


15 


A  :  no  beams 


B  :  beams  with  total  depth  equal  to  or  more  than 
3  times  the  slab  thickness. 


e)  Bending  moments  on  columns  for  flat  slab 

1  -The  internal  and  external  columns  should  be  designed  to  resist  bending 
moments  equal  to  50  %  &  90  %  of  the  -ve  beding  moments  in  column 
strip  respectively,  according  to  table  (5-6) .  These  moments  are  divided 
between  the  upper  and  lower  columns  according  to  their  stiffness. 


El  -  Behairy  Design  Handbook  R.C.  code  2001  -  Chapter  (6)  Empirical  method 


-300- 


. 


FLAT  SLABS 


Distribution  of  BM.  {  +  ve  &  -  ve)  between  column  & 
field  Strip  -  Empirical  method. 
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In  this  case,  the  direct  load  on  the  internal  column,  can  be  reduced 

considering  that  only  one  side  of  the  panel  is  loaded  with  live  loads. 

2)If  the  external  columns  carry  parts  of  the  slabs  and  walls  as 
cantilevers,  the  bending  moment  in  these  columns,  can  be  reduced  by 
the  value  of  the  bending  moment  due  to  the  dead  load  of  the  cantilever. 

6-2-1 -6  Bending  moment  in  panels  with  &  without  marginal 

beams 

a)  For  Marginal  beam  of  total  depth  equals  to  or  more  than  3  times  slab 
thickness,  then  : 

1) The  total  load  to  be  carried  by  the  beam  should  be  equal  to  the  direct 
loads  on  the  beam  plus  a  uniformly  distributed  load  equal  1/4  the  total 
load  on  the  panel. 

2) The  bending  moment  in  the  half  column  strip  adjacent  to  the  beam  will 

be  —  the  values  given  in  tables  (6-4  &  6-5)  . 

4 

ii)Case  of  no  marginal  beam  :  The  B.M.  in  the  half  edge  column  strip  will 
be  half  the  values  given  in  tables  (6-4  &  6-5) . 


5  CoL. Strip 


0 


CoL. strip 


A  /  , 
s  m 


A  /  , 
s  m 


L 


,  CoL. strip 


Ik 


strip 


I  A  /  , 
s  m 


■  »  *  r  i 

A  /  .1 

s  in  I 


a)  Without  marginal  beam 


b)  With  marginal  beam 


Reinforcement  of  f  column  strip 


Figure  :  Reinforcement  of  half  column  strip 
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6-2-7-7  Transfer  of  -  ve  moments  from  flat  slab  to  columns 


Mp 

i 


By  flexure  yf 


By  torsion  y  =  l-yf 


Figure  (6-8)  transfer  of  moment  from  column  strip  to  columns 
6-2-7-7-1  The  unbalanced  -ve  moments  of  the  column  strips  are  transferred 
to  columns  by  flexural  and  torsional  moments  as  follows  :In  external  spans  , 
all  the  -ve  moments  are  transferred  to  columns  (Fig.  6-8-a),  while  in  internal 
spans  the  difference  of  -ve  moments  are  transferred  to  columns  (Fig.  6-8-b) 
according  to  the  following  distribution  : 

a)  Part  transferred  directly  to  columns  by  bending  moments  according 
to  the  equation  : 

T ,  =  ,  1  ..(6-20) 


f  [  1+(2/3)a/(ci  +d)/(c2  +d)] 


where  : 


y  f  =  Coefficient  of  moments  transferred  by  flexure. 

Ci  =  dimension  of  rec.  column  head  or  the  equivalent  rec.  to 
column  head  measured  in  the  direction  of  B.M. 

C2  =  dimension  of  rec.  column  head  or  the  equivalent  rectangle  to 
column  head  in  the  1  direction. 

d  =  effective  depth  of  the  slab. 

The  required  reinforcement  to  resist  these  moments  is  to  be  concentrated  in 
the  effective  width  be  as  shown  in  figure  (6-9). 
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^  be  -  The  least  of  y 

*  or?+y 

C2+3t 

L2 

2 


* 


Figure  (6-9):  Strip  width  (be)  which  transfer  bending  moment 
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~  Part  transferred  to  columns  by  torsional  moment  according  to  the 
equation  :  Yq  =  1-  Yf  ..(6-21) 

?  :  =  coefficient  of  moments  transferred  by  torsion. 

This  transfer  of  torsional  moments  produces  additional  punching  shear 
-esses  on  the  critical  sections  shown  in  figure  (6-12).  These  stresses  can  be 
.  iiculated  in  both  directions  according  to  the  following  equations  : 

Shear  stresses  due  toM:  q=M.y  .C  /j  (6-22-a) 

x  nx  x  qx  C B  Jc x  v  ' 


S  near  stresses  due  to  M  : 

y 


q  =M  . y  .C  /  j 

y  y  q  y  A  B  c  y 


(6-22-b) 

Tr.ese  stresses  are  added  to  punching  shear  stresses  resulting  from  Vljoads 
recording  to  equation  (4-31)  in  art.  (4-2-2-3)  in  case  of  designing  by  limit 
v  ate  method,  or  according  to  art.  (5-4-3)  in  cases  of  designing  by  working 
r.ress  method. 

q  = — — —  +  q  (orq  ) 

ltotaI  dzb  *  y 

o 

Where  jcx  and  jcy  :  polar  moments  of  inertia  x  &  y  axis  respectively.  Figure 
1 6-10  &  6-1 1)  shows  the  shear  stresses  resulting  from  moment  Mv  where  the 
value  of  jcy  are  as  follows: 
a  Case  of  interior  columns  [fig.  (6-10)] 

i3  .  j\/-  .  j\2 


d(c,+d)3  ,  (c,  +d)d3  t  d(c2+d)(c1+d)J 

i  = - 1 - 1 - 

Jcy  6  6  2 


..(6-23) 


■  case  of  edge  columns 
j  _d(c +d)c;„-t2 

cv  —  2 


AB  o 
D 


2  .  (c  +0.5d)d3 

dc3D-i—  dri„+ 


■'AB 


where: 


CAB 


(c1+0.5d): 


( c>2  +d)  +  2(cj  +0.5d) 


J-® 

M-i 

I 

c 

m h 

..(6-24-a) 


..(6-24-b) 


t.  Co!.  C 


P 


T 


CRITICAL 

SECTION 


Figure  (6-10)  Internal  column  Figure  (6-11)  Edge  column 

PUNCHING  SHEAR  STRESSES 
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6-2-7 -7 -2  The  transfer  of  bending  moment  from  slab  to  column 
(article  6-2-7 -7-1)  can  be  neglected  in  the  following  cases  : 

a)  Internal  columns  : 

1-  In  case  ofL.L.  not  more  than  4  KN/m2 

2-  When  the  adjacent  spans  are  equal  or  differ  by  not  more  than  20% 

b)  External  columns  : 

1-  If  there  is  a  marginal  beam  with  depth  >  3  times  the  slab  thickness  . 

2-  If  there  is  a  cantilever  slab,  extending  outside  the  columns  by  a 
distance  not  less  than  1/4  span  length  from  the  outside  face  of  the 
columns,  and  loaded  by  the  same  load  of  the  slab. 

6-2-7-7-3  Simple  method  to  calculate  the  shearing  force  resulting  from  the 
effect  of  flexure  bending  between  the  flat  slab  and  the  columns: 

q  =  Qt  p/b0  d  (6-25) 

where 

Qt  =  The  design  shearing  force  transemitted  to  the  column  during 
loading  its  adjacent  panel  with  a  total  load  to  a  max.  limit. 

P  =  Factor  depending  on  the  eccentricity  of  shearing  force  and  it  is 
taken  as  follow 

P  =  1 . 1 5  case  of  interior  columns 

p  =  1.3  case  of  exterior  columns 

P  =  1.5  case  of  comer  columns 

b0  =  Length  of  section  perimeter 
d  =  Depth  of  the  slab. 

6-2-7-8  Arrangement  of  Reinforcement  in  Flat  Slabs 

Slabs  designed  according  to  the  previous  methods  are  to  be  reinforced  in 
two  directions.  The  rft  should  be  so  arranged  that  each  strip  is  reinforced 
over  its  full  width,  see  figure  (7-4),  taking  into  consideration  art.  (7-4)  and 
conditions  of  earthquake  strength  in  art.  (6-7-2- 1). 

6-2-7 -9  Reinforcement  of  column  head  : 

Column  heads  are  to  be  reinforced  by  rft.  (1  &2)  which  are  anchored 
by  stirrups  (3)  shown  in  figure  (6-12),  which  must  be  sufficient  to  resist  the 
B.M.  from  the  worst  position. 
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and  the  B.M.  mentioned  in  article  (6-2-7-4-a)  and  (6-2-7-5-e)  .  Minimum 
reinforcement  is  : 

1) For  rectangular  column  head  :  1/25  of  area  of  negative  reinforcement  /m' 

of  column  strip  is  direction  considered  multiplied  by  length  of 

perpendicular  panel  to  this  reinforcement.  _ a 

Rft  (3)  n 

2) For  circular  column  head 
The  sum  of  rft.  1  &  2  obtained 
as  above  are  to  be  distributed 
along  the  perimter  of  the 
column  head. 


-U 


Figure  (6-12)  Reinforcement  of  column  head 
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Using  Straight  Bars.  Using  Bent  Bars. 
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FLAT  SLABS 


Polar  Moments  of  Inertia 


yf  =  1/(1  +  (2/3)  Va/b) 


1)  Interior  column 
cN 


T- 


:C2^l 


Cl 


+ 

CN 

U 

II 

jO 


4. - [  4c 

ua  =  C-|+d  ^ 


a  =  c  +d  &  b  =  c  +  d 
1  2 

c  =  c'  =  a/2 
j-  =  [  ad  (a+3b)  +  d3]  /  3 

C 


2)  Edge  column 


tC 

-f - 5f- 


C? 


Mf 


l 


■o 
+  ' 
CN 

a 

ii 

.O 


(bending  _L  to  edge) 

a  =(^+<1/2  &  b=c2+d 

c  =  a 2  /  (2  a+b) 
c'  =  a  ( a+b)  /(2a+b) 

— =[2ad  (a+2b)  +  d3(2a  +  b)  /a]  /6 
c 

4=  [2a2  d  (a+2  b)  +  d3(2a  +  b)]  /6  (a+b) 


3)  Edge  column 


M 


-f  +K 


.CN 

T3 

+ 

CN 

C_> 


(bending  //  to  edge) 

a  =  C, +d  &  b=C2+d/2 

C  =  C'=a/2 

-  =  [ad  (a+6b)  +  d3  ]  /  6  =  — 
c  c 


L — a=ci+d.  > 


4)comer  column 
ci  i 

c2ff 


M, 


-f*-  <£— 4-»- 

n~C^\+c\/2j 


CN 

\ 

TJ 

+ 

CN 

CJ 

11 

J2I 


a  =  C,  +  d/2  &  b  —  C-,  +  d/2 

C  =  a2/ 2  (a+b) 

C  -  a  ( a+2b)  /2(a+b) 

•A  [ad  (a+4  b)  +  d3(a  +  b)  /a]  /6 
c 


J  _ 


-  [a-  d  (a+4  b)  +  d"(2a  +  b)]  / 6  (a+2  b) 
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6-2-7-10  Openings  in  flat  slab 

a)  It  is  not  allawable  to  openings  at  regions  of  column  head  . 

b)  It  is  allawable  to  make  openings  at  the  sharing  areas  between  field 
strips  under  the  following  conditions  : 

1- The  max.  dimension  of  the  opening  should  not  be  more  than  0.4  L  in 
the  direction  pararell  to  the  exis. 

2- The  +ve  &  -  ve  flexure  design  moments  should  be  redistributed  on  the 
residual  parts  of  the  structure  to  be  compatable  with  the  variation 
occured  due  to  exsistance  of  the  opening. 

c)  It  is  allawable  to  make  openings  at  the  sharing  areas  between  field 
strips  and  column  strips  under  the  following  conditions  :- 

1  -  The  max.  dimension  of  the  opening  should  not  be  more  than  —  width 
of  column  strip  . 

2-  The  sections  of  the  two  strips  at  region  of  the  opening  can  resist  the 
flexure  design  moments. 

d)  It  is  allawable  to  make  openings  at  the  sharing  areas  between  two 
columns  strips  under  the  following  condition  : 

1- The  max.  dimension  of  the  opening  should  not  be  more  than  (1/10) 
width  of  the  smaller  column  strip. 

2- The  sections  of  the  two  strips  at  region  of  the  opening  can  resist 
flexure  design  moments. 

3 - The  value  of  live  load  used  to  calculate  shear  stress  could  be  reduced  by  a 

value  equal  to  the  effect  of  the  opening  which  intersect  the  mentioned 
perimeter  fig  (6-13-a). 

e)  In  case  of  exceedance  the  dimensions  of  openings  more  than  the 
proportions  mentioned  befor  a,  b,  c,  d.  An  accurate  structural 
calculations  which  achieve  resistance  requirments  and  cases  of  working 
limits-  should  be  made. 


El  -  Belt  airy  Design  Handbook  R.C.  Code  2001  -  Chapter  (6)  Openings  in  flat  slab 


-312- 


(6-1 3-a)  Shapes  of  openings  in  flat  slab 


Free  comer 

\ 


(6-13-b)  Max.  dimension  of  openings  in  flat  slab 
(6-13)  Shapes  of  openings  &  its  max.  dimensions  in  flat  slab 
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6-3  BEAMS 

This  part  includes  :  1-  Ordinarybeams.  2-  Deep  beams. 

6-3-1  Ordinary  beams 
6-3-1-1  General  condition 

Ordinary  beams  are  beams  with 


depth  . .  ^ 

— r  atio  < 

0.8  simple  beam 

span 

0.4  cont.  beam 

6-3-1-2  Effective  scan  (LP<r)  :  The  least  of : 


1)  Simple  beams 

CL  -Cl 

1.05  L0 

L0  +  d 

2)  Continuous  beams  : 

Monolithic  with  support 

Cl  -Cl 

1.05  L0 

- 

Supported  on  brick  wall 

Cl  -Cl 

- 

L0  +  d 

3)  Cantilevers 

L 

- 

L0  +  d 

L 


l 


t— 


Table  (4-10)  Max  span/depth  ratio  (L/d)  (Beams  with  spans  <  10m. 

For  span  >  10m  check  deflection) 


(L/d)  min 

4 

■a  s 

i 

£k_ A 

i  ■£> 

3  £ 

It 

High 

tensile 

steel 

Onyway  Solid  Slabs 

20 

24 

28 

10 

Ribbed  slabs  or  beams 

16 

18 

21 

8 

Normal 

mild 

steel 

Onyway  Solid  Slabs 

25 

30 

35 

12 

Ribbed  slabs  or  beams 

20 

22 

26 

10 

Reduction  factor  5  for  (L/d)  ratio  for  T  &  L-sections 


b/B 


<0.3 


0.4 


0.5 


0.6 


0.7 


0.8 


0.9 


1.0 


factor  5 


0.8 


.825 


.85 


.875 


.92 


.95 


.975 


1.0 


4-3-1  Max.  allowed  deflection  (A) 


Case  of  loading 


Beams 


Cantilevers 


All  loads,  taking  temp.,  creep  and 
shrinkage  effect  into  consideration 


A  < 


250 


A  < 


450 


Loads  including  finisshes,  temp.,  creep, 
shrinkag  but  without  L.L. 


A  <  — -  <  20mm 
350 


A  < 


V 

600 
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6-3- 1-3  Load  distribution  on  beams 


Slab  loads  transmitted  to  beams  can  be  calculated  from  the  areas 
.imited  by  lines  bisecting  the  angles  at  the  comers  of  any  panel  (fig.  6-14). 
These  loads  can  however  be  assumed  as  uniformly  distributed  over  the  the 
beam  span  (except  contilever  beams)  in  the  following  manner: 


load  transmitted 


Assume 

W:  Uniform  distributed 
load  per  unit  area. 

L:  Span  of  beams 
X:  Max.  distance  of  loading 


to  beam  A  ■ 
Load  Transmitted 


to  beam  B 
Fig.  (6-14)  V 


Beam  B 


B( 

1— 

2am  A/ 

7 

. Ik 

12 . 

-* 


a  wx:  Equivalent  Load  for  moment  calculations  under  condition  that  the 
load  is  distributed  over  the  total  span  with  max.  intensity  at  mid 
span. 

P  wx:  Equivalent  Load  for  reaction  and  shear  calculations  and  also  for 
moment  calculations  in  cases  not  fulfilling  the  above  conditions. 


table  (6-6)  Values  of  a  and  p 
Equivalent  uniformly  distributed  loads  eating  on  beams 


L/2  x 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

a 

.667 

.725 

.769 

.803 

.0.830 

.853 

.870 

.885 

.897 

.908 

.917 

P 

.500 

.544 

.582 

.615 

.642 

.667 

.688 

.706 

.722 

.737 

.750 

Where  oc  =  1-1/3  (2x/L f  &  (3  =  1-1/2  (2x/L) 

6-3-1-4  Structural  analysis  methods 


l)The  internal  forces  and  moment  calculated  by  any  method  of  structural 
analysis  must  be  in  equilibrium  with  the  design  loads. 


2)Linear  elastic  analysis  can  be  used  to  obtain  the  internal  forces  and 
moments  in  beams  for  both  working  stress  and  limit  state  design 
methods. 


3 Redistribution  of  moments  by  not  more  than  ±  10%  may  be  applied 
according  to  article  (4-2-1-2-c). 
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6-3-1-5  Flexural  rigidity 

1 )  When  using  the  linear  elastic  analysis,  the  flexural  rigidity  for  the  total 
concrete  section  neglecting  steel  may  be  assumed  (EcIg)  where  Ec  is 
calculated  according  to  art.  (2-3-3- 1). 

2) It  is  also  allowed  to  use  other  assumption  taking  effect  of  cracks  into 
consideration  such  as  (EcIg)  for  columns  and  V2  EcIg  for  beams./ 

3) In  all  cases  the  same  calculations  for  the  flexural  rigidity  should  be  used 
for  all  members  of  the  structure. 

In  case  of  T  &  L-sections,  flange  width  can  be  taken  equals  V2  the  value 

obtained  from  art.  (6-3- 1-9) 

6-3-1-6  Bending  Moments  and  shearing  forces  in  contin.  beams 

Bending  moments  and  shearing  forces  in  continuous  beams  can  be 
calculated  assuming  that  beams  are  supported  on  rigid  knife  edge  supports. 
For  beams  with  constant  depth,  equal  spans  and  equal  loads  or  with 
difference  in  spans  not  more  than  20%  the  following  values  can  be  assumed: 

a)  Two  spans 

b)  more  than  two  spans 

-24  -9  -24 

-24  -10  -12  11 

m=  +  wL2 

a  +11  a  +11  a 

A  +12  A+1G  A+16  " 

km 

p 

0 

CD 

0-45  0-5  0-5  „ 

Q  =  kq  wL 

A  0.6 A  0-4 A 

A  acA  0-5a  ' 

For  -ve  moment  take  a 
supports. 

Negative  moments  at  n 
loads  and  it  is  allowed  to  redi 
live  loads  only  to  2/3  their  va 
supporting  girders. 

In  case  of  equal  spans 
min  -ve  field  moments  at  mid  spc 
where  L  is  the  greater  span. 

iverage  span  and  average  loads  around  the 

lid  span  must  be  calculated  for  heavy  live 
ice  the  -ve  field  moments  at  midspans  due  to 
dues  due  to  the  rigidity  of  the  columns  or  the 

subjected  to  heavy  live  loads  (  p>l  .5  g),  the 

ill  is  .  2 

M  *  =  (g-  jP)  <6'26) 
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6-3-1-7  Critical  sections  for  bending  moments  and  shearing  forces 

teases  of  monolithic  beams): 

1)  For  moments:  at  column  face 

2)  For  shear:  at  column  face  except  cases  in  item  (3)  (figure  6-16). 

3)  For  shear  :  at  distance  —  when  reaction  produces  compression  in  this 

distance  (figure  6-17) 

\  _  Critical  section 


IttttttHI 


\ 


T 


a<d/2 

Fig.  (6-16)  Critical  sec.  for  shear  at  face  of  support 


Critical  section 


V 


m 


I  _ 12. 

w 

Fil.  (6 


W  U  t  I  TT 


St 


4^ 


in 


*  hhutt 


HT 


Fig.  (6-17)  Critical  sec.  at  distance  d/2  from  free  of  support 
6-3-1-8  Slenderness  limit 

The  laterally  unsupported  distance  between  points  of  inflection  must 
not  exceed  the  smaller  of : 


simple  or  continuous  beams 

200  bj:  /d  or 

40  bc 

Laterally  braced  cantilever  beams 

80  b^  /  d  or 

20  bc 

where  bc  =  beam  width  at  compr 

6-3-1-9  Effective  flange  width 

ession  side 

or  T  and  L  sections 

The  least  of 

T-  sec 

16  ts+  b 

L2/5  +b 

(Cl  to  CL  of  beams) 

6-27-a 

L-  sec 

6  ts+  b 

L2/l  0  +b 

Vi  (Cl  to  CL  of  beams) 

6-27-b 

where  L2  distance  between  points  of  inflection 

System 

A 

4  K 

A 

ZS - Zs 

A  b 

A  \ 

A 

l2/l 

1.0 

0.8 

0.7 

2.0 
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6-3-1-10  General  conditions 

1 

To  consider  the  beam  as  T  or  L-sec.,  it  must  be  casted  monolitically  wit 
slab  of  min  thickness  80  mm. 

2 

The  top  Rft.  in  the  flange  perpendicular  to  the  web,  must  not  be  less 
than0.3%  of  the  cross  sectional  area  of  the  slab,  and  should  be  arranged 
all  over  the  flange  width  (art.  6-3 -1-9)  at  max.  spacing  200  mm 

3 

The  stirrups  must  extend  from  web  to  the  top  of  the  flange 

4 

For  isolated  T-sections,  the  thickness  of  slab  must  not  be  less  than  — 

2 

the  web  width  ,  also  total  flange  width  should  not  be  more  than  4  times 
web  width. 

5 

For  beams  with  depth  >  700  mm,  shrinkage  bars  must  be  added  with 
min.  area  of  8%  of  the  tension  steel.  The  distance  between  shinkage 
bars  must  not  exceed  300  mm. 

6-3-1-11  Minimum  steel  percentages 

Steel 

240/350 

steel 

360/520 

Flexure 

tension 

steel 

As  1.1  A  req 

u  .  = — L  = —  or  (1.3 — 5 - ) 

bd  fv  b  d 

0.25  % 

0.15% 

comp. 

steel 

Ac  ,  „ A  main, 

ft  min  S~^10%  *  ) 

bd  b  d 

side  Rft  (shrinkage  bars)  £  8%  A  s  main 

Shear 

0.4 

web  Rft  (stirrups)  pmin  =  —  (5<{>  6/m') 

^y 

(ftmin  ~  -A-str  /  b  S) 

0.15% 

0.1% 

*  %  of  compression  rft  is  preferred  not  be  more  than  0.4  % 

(Asm„  =  0.4%  bd) 

Types  c 

>f  steel 

Normal  mild  st. 

High  tensile  st. 

Wire 

mesh 

240/350 

280/450 

360/520 

400/600 

450/520 

x  11 

M'min  ^ 

0.46% 

0.40% 

0.30% 

0.27% 

0.275% 

ft  ,nin  (shear)  - 

y 

0.17% 

0.14% 

0.11% 

0.10% 

0.10% 
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DEEP  BEAMS 


6-3-2-1  Definition 

Deep  beams  are  those  which 
have  depth  to  effective  span 
ratio  greater  than  : 

6-3-2-2  Lever  arm 


depth 

span 


ratio 


>0.8 

simple  beams 

>0.4 

continuous  beams 

simple  beams 

yct=  0.86  L 

In  all  cses 

not  more 

than  0.87  d 

continuous 

beams 

mid  span 

yct=  0.43  L 

at  support 

yct=  0.37  L 

-4- 


-r- 

yet 


6-3-2-3  Minimum  percentage  of  main  steel 


P'min  =  The  least  of  or  1.3  As  req/bd 

Ty 

(  6-30  ) 

Pmin  should  not 
be  less  than 

,  •  •/  1 

0.25  %  Ac 

for  mild  steel 

0.15  %  Ac 

for  high  tensile  steel 

Note:  The  min.  steel  ratio  may  be  less  than  —  if  all  sections  for  +ve 

^y 

and  -ve  moments  are  reinforced  by  more  than  30  %  of  the  required  rft. 
(1-3  A  s  req  ). 

6-3-2-4  Minimum  percentage  of  web  rft. _ 


mild  steel 


high  tensile  st. 


S=the  least  of 


VL  rft:  Ay/bsy  > 


0.2  % 


0.15% 


Sv  <  450  mm  or  — 


HL  rft:  Ah/bsh  > 


0.25  % 


0.20  % 


Sh  <  450  mm  or 


Sv  =  distance  between  VL  stirrups,  Sh  =  distance  between  HL  stirrups 

r  2b  • 

But  Sv  &  Sh  should  not  be  more  than  the  least  of 

•—250  mm 
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DEEP  BEAMS 


4-2-2-6  shear  in  Deep  beam 


a 

This  article  applies  only 
for  deep  beams  loaded  at 
top  surface  by  comp,  stresses 

b 

The  critical  section  for  shear  is  at  distance  : 

for  uniform  load 

0.15  Ln 

But  not  more 
than  d/2  from 
face  of  support 

for  concen.  load  at  distance 
(a)  from  face  of  support 

0.5  a 

c 

Shear  stress 

where  g  =  the  least  of  the 
span  or  the  effective  depth 

q„  =  Q„  /(b  g) 

4-41 

d 

Max  shear  stress 

flu  max  V\i  (°-7  fcu/yc  ) 
8d=(i)[2  +  (0.4L„/d)] 

4-42 

e 

Concrete  shear  strength: 

where 

Ocu  =  (0.24  Jfcu  /  Yc  ) 

5  ,  =  3.5-  2.5  (M  /Q  d) 
dc  u  u 

4-43 

but  should  not  be  more 

than 

qcu  -  <  0.46  J 

feu  he 

4-44 

f 

If  q  >  q  use  shaer  rft. 

*u  cu 

q  =  q  -0.5q 
su  u  cu 

4-45 

g 

Calculations  of  shear  Rft 

Shear  stress  (with  rft) 

q  =8  q 

su  V  SUV 

+  5hqsuh 

4-46-a 

HI.  shear  stress 

«suh=(VS 

h)(fy/bYs> 

4-46-b 

VI.  shear  stress 

q  =  (A  /S 

SUV  V 

vXfy/bTs) 

4-46-c 

where  : 

8h  =(H-Ln/d)/12 

4-46-d 

and 

8y  =(l  +  Ln/d)/12 

4-46-f 

where  :  A j,  =  HL.  shear  rft.  &  Av  =  VL.  shear  rft. 

Ln  =  clear  span  for  deep  beam. 

h)The  shear  rft  is  used  with  the  same  value  all  over  the  span. 


i) Main  rft  must  extend  all  over  beam  length  with  enough  anchorage  at 

support. 

j)  Web  rft.  must  be  designed  for  cases  of  loading  producing  tension  on 

loaded  side  and  by  lateral  loads. _ 
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SHORT  CANTILEVERS 


4-2-2-5  Brackets  and  corbies 

short  cantilevers  with  :  a  <  d 


Main  Reinf.  As: 
the  bigger  of 

(An  +Af)  or 

(An+JAsf) 

but  not  less  than 
p, = Ag/bd = .  03^u/fy 

4-37-a 

4-37-b 

Af  =  Steel  area  required  to  resist 
flexure  (Mu)  where 

An  =  Steel  area  required  to  resist 
tension  (Nu) 

Mu=Qua  +  Nn(t  +  A-d) 

Af  =  Mu/fy  j  d 

A„=Nu/(fy/ys) 

4-38 

4-39 

A sf  =  Steel  area  required  to 
resist  friction  shear 

Ajf  =  Qu 

n  (fy  /y  s) 

p.  =  1  (monolithic) 

Qu  =  max  shearing  force 

Nu  =  tension  force  (considered  L.L.) 

HL.  Rft.  (closed  stir  runs) 

2 

To  be  arranged  at  (  —  d)  from  top. 

Ah  =0.5  (A  s  ~An) 

6-40 

For  cases  in  which  the  short  cantilevers  is  exposed  to  torsion  moments 
due  to  eccentricity  of  loading  or  due  to  hrizontal  forces  vl .  stirrups 
should  be  added  to  satisfy  the  section  resistance  requirements  of  torsion 
moments. 

In  all  cases  the  web  rft.  should  not  be  less  than  the  conditions 
mentioned  in  articale  (4-2-3). 
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6-4  COLUMNS 


6-4-1  Definitions 

Columns  are  compression  members  which  have  : 

1)  Height  greater  than  5  times  the  smaller  side  (  h>5b). 

2)  Length  not  more  than  five  times  the  breadth  (t  >  5b). 

Examples  of  column  sections: 

t  t  t  t 


•+ 


b 

-f  *-*- 


Columns 
(L  <  5  b) 


O  □  o 


* 


■JHf  b 


nf - 

1 

- *- 

4 - 

. t 

Walls  (  t>  5b) 


If  length  is  greater  than  five  times  the  breadth  (t>5b)  the  member  is 
considered  as  a  wall. 


6-4-2  Braced  and  unbraced  columns 

columns  are  considered  braced  if : 

1  -  Horizontal  loads  are  resisted  by  special 
members  e.g.  shear  walls  or  braced  columns. 

2-  They  are  supported  by  concrete  bearings. 

3-  Thev  satisfy  the  following  2  eauations: 


TT 


H 


For  no  of  stories  >  4 

a  =  Hv/N/ZEI<0.6 

6-30-a 

For  no  of  stories  >  4 

a  =  H  -y/N  /  £EI  <  (0.2  +  0.  In) 

6-3  0-b 

where  N  =  S  vertical  loads  &  n  =  Ns  of  stories 
H  =  Heigth  of  building  above  fixation  level. 

ZEI  =  Flexural  rigidity  of  all  vertical  columns. 

-  R.C.  wall  verifed  by  equation  (6-30)  should  be  connected  to  the  foundation 
to  transmit  all  horizontal  forces  and  its  corresponding  moment  to  foundation 


6-4-3  Minimum  eccentricity  for  columns: 

e  min  0.05  t  or  .05  b  or  <  20  mm 
e  is  to  be  taken  in  the  direction  with 
greater  slenderness  ratio  A,b .  i.e. 


e 


If 


H 


take  e  =  0.05 1  ,  If 


H 


t 


< 


■tf — 

take  e  =  0.05  b 


t  b  t  b 

where  He  and  H'  e  =  buckling  lengths  in  t  and  b  directions. 
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6-4-4  Short  columns  (neglecting  buckling  effect) 

6-4-4- 1  Columns  are  considered  short  if  \b=He/b  (or  7,D=He/D  and  A,;=He/i 
for  circular  section)  are  less  than  the  following  values: 


Table  (6-7)  max.  Slenderness  ratio  for  short  column 


Column  condition 

A,b  rec.  sec. 

Xb  circular  sec. 

h 

Braced 

15 

12 

50 

Unbraced 

10 

8 

35 

where  :  i  =  radius  of  gyration  =  0.3  b  for  rec.  column 

=  0.25  D  for  circular  column 

&  He  =  effective  height,  according  to  eq.  (6-31  &  6-32  &  6-33) 

6-4-4-2  Design  of  short  column 

According  to  article  (4-2- 1-3)  taking  in  consideration  the  greater  of 
M  acting  on  column  or  Pu  C  min.  • 

For  members  subjected  to  axial  compression  and  single  moment  of  a 
value  <  Pu  e  min. ,  it  can  be  approximately  designed  according  to  the  following 
equations  : 


a)  Tied  column 

P„  =  0.35 fcuAc  +.0.67  fyAsc 

4-12-a 

b)  Spiral  column 

the  least  of 

P„=0.35  fcu  Ak+0.67  fy  Asc  + 1.38  fJpvsp 

4-12-b 

Pu  =  0.4  fcuAc+ 0.76  fyAsc 

4-12-c 

For  short  columns  subjected  to  double  bending  refer  to  article  (6-4-6). 


6-4-5  Slender  columns  (long  columns) 

Slender  columns  are  those  which  have  slenderness  ratio  greater  than 
the  values  given  in  table  (6-7),  but  in  any  column  the  slenderness  ratio  should 
not  be  greater  than  the  values  given  in  table  (6-8). 
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Table  (6-8)  max,  slenderness  ratio  for  long  columns 


Column  condition 

Xb  rec.  sec. 

A,b  circular  sec. 

h 

Braced 

30 

25 

100 

Unbraced 

23 

18 

70 

6-4-5- 1  Bucking  length 

The  buckling  length  of  slender  column  He  =  k  Ho  where  k  is  the  least  of : 


braced 

columns 

k  =  [0.7  +  0.05  ( (*!  +  a2)]  ^  1.0 

6-32-a 

k  =[  0.85  +  0.05  amin  ]<  1.0 

6-32-b 

unbraced 

columns 

k  =  [l.O  +  0.1  5  (a  i  +  a  2)]  ^  1.0 

6-33-a  4 

k  =  [  2.0  +  0.3  a  min  ]>1.0 

6-33-b 

,  stiffness  of  columns  YECL/H0 

where  a  = - =  ^  c  c - (6-34) 

stiffness  of  beams  Z  Ec  Ic  /  Lb 

oti  & 02  at  lower  and  upper  ends  of  the  column. 
amin  =  min.  of  ai  and  a2  . 

Ic ,  lb :  moments  of  inertia  of  column  and  beam  cross  sec. 

For  ordinary  buildings  the  buckling  length  for  braced  and  unbraced  columns 
can  be  approximately  obtained  from  table  (6-9),  which  depends  on  the 
degree  of  fixation  at  upper  and  lower  ends: 


Tables  (6-9  &10)  Buckling  length  for  ordinary  buildings 
He  =  K  x  H0  where  k  values  are  as  given  below 


Upper  end 

(6-9)  Braced  column 

(6-10)  Unbraced  column 

condition 

Lower  end  condition 

Lower  end  condition 

a 

b 

c 

a 

b 

c 

a 

0.75 

0.8 

0.9 

1.2 

1.3 

1.6 

b 

0.8 

0.85 

0.95 

1.3 

1.5 

1.8 

c 

0.9 

0.95 

1.0 

1.6 

1.8 

- 

d 

- 

- 

- 

2.2 

- 

- 
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Where  end  conditions  are  defined  as: 

Case  (a)  :  The  end  of  the  column  is  monolithically  casted  with 
beams  or  slabs  having  a  depth  not  less  than  the  lateral  dimension 
of  the  column  in  the  direction  considered.  Also  for  the  end  of  the 
column  which  is  connected  to  the  foundations  if  the  foundations 
are  designed  to  carry  moment.  a)  fixed 

Case  (b)  :  The  end  of  the  column  is  monolithically  casted  with 
beams  or  slabs  having  a  depth  not  less  than  the  lateral 
dimension  of  the  column  in  the  direction  considered. 

b)  partially  fixed 

Case  (c)  :  The  end  of  the  column  is  connected  to  a  member, 
unable  to  prevent  rotation. 

c)  hinged 

Case  (d)  :  The  end  of  the  column  or  wall  is  not  prevented  from 
rotation  or  horizontal  movement. 

In  all  casse  the  length  of  column  and  cantilever  wall  should  not  be 
more  than: 


1 


Lp  =  50  b  /a  ^  30  b  (6-35) 


6-4-5-2  Design  of  long  braced  columns 

i)  Additional  bending  moment  due  to  buckling: 

The  effect  of  buckling  can  be  considered  as  an  additional  moment 
Macld-  =  P5  where.  


<E> 


5  =  X\t/ 


t- 1/2000 


6  =  X\.U 


2000 


6  =  Vn.D/ 


D-J-V/2000 


5  =  Vi.tV; 


2000 


X  t  =  He/t 


A.b  =  He/b 


Xd  =  YLJD 


X  i  =  He/t' 


ii)  Design  of  long  braced  columns  subjected  to  bending  moment  about  the 
secondary  axis  only: 

Design  moment  is  to  be  taken  the  greater  of  the 
shown  in  figure  (6-18). 


Xb=  He/b  =5  15 


Xt=  He/t  <  15 


secondary  axis 


M„  or  M j 


applied 

moment 


1-  M2 


2-Mi  +  Madd- 


3-  Mi  +  (Madd-/2) 


4-P.e 


mm 


Where: 

Mi  =  0.4  Mi  +  0.6  M2  ^  0.4  M2 


6-37 


6-38 


Mi  is  to  be  considered  (-ve)  for  columns  with  double  bending. 
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Note  :  In  cases  of  building  consisting  of  beams  end  columns  on  condition 
that  the  columns  are  not  subjected  to  moments  due  to  side  sway,  it  is  allowed 
to  simplify  the  calculations  of  the  moments  on  the  columns  as  follows: 

1 - Bending  moments  at  top  &  bottom  (Ml  &  M2)  may  be  assumed  equal  to 
zero  for  interior  columns,  which  carry  beams  approximate  symmetrical  in 
position  and  loading. 

In  case  of  flat  slab  system  Mi  and  M2  are  to  be  calculated  according  to 
article  (6-2-7-4),  and  then  the  column  is  to  be  designed  according  to 
article  (6-4-5 -2-ii). 

2- For  exterior  columns  Mi  and  M2  can  be  assumed  according  to  table(6-l  1) 

Table  (6-1 1)  moment  on  exterior  columns 


Position  of 

moment 

Moment  in  case  of 
frame  with  one  span 

Moment  in  case  of  frame 
with  two  or  more  spans 

Bottom  of 
upper 
column 

K„Mf 

kuMf 

K  +Ku+0.5Kb 

Kl  +Ku  +Kh 

Top  of  lower 
column 

KLMr 

KLMf 

KL+Ku+0.5Kb 

Kl  +ku  +Kb 

u 

*l-F 


Where  Mr—  connecting  moment  at  ends  of  beams  which  are  considered  as 


Upper  col  stiffness 

Lower  col.  Stiffness 

Beam  stiffness 

K„  =  4  EI„/h„ 

Kl  -  4  mjht 

Kb  =  4  Elb/Lfc 

hu,fr_  =  upper  and  lower  column  height  respectively. 

Lt.  =  beam  iengtr 

Iu,  L  It  =  uppe*  co..,  lower  co..,  and  beam  moment  of  inertia  respectively. 

Equation:  in  taDle  (6-1 1)  could  pe  used  for  moment  at  top  of  lower  column 
to  ge<  M  and  at  upper  last  floor  roof  (Ku  =  0). 

The  above  moments  are  based  on  tne  following  assumptions. 

a)  Moment  of  inertia  is  constant  for  each  member 

b)  Connection  points  are  not  subjected 
to  VI  or  HI  displacement, 

c)  All  members  have  the  same  degree 
o:~  fixation  at  fa~  ends 

d  Points  o:  zero  moments  can  be 
assumec  as  snowr  in  figure. 


total 
/ ixat ion 


par  Ual 
i ixai ion 
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6-4-S-3  Design  of  long  unbraced  columns 


i 


a)  Additional  moment  due  to  buckling: 

For  floors  which  have  equal  or  approximatelyy  equal  side  sway  for  all 
columns,  the  additional  moment  due  to  buckling  can  be  obtained  from  the 
following  equations  : 

Madd=PSav  Where  8av=£8/n  (6-39  &  6-40) 


where  :  n  =  number  of  columns  /  floor  and  8  =  Afb  b/2000 
Note  :  Values  of  8  >  2Sav  are  to  be  neglected  in  the  calculations  of  Sav  . 
The  effect  of  Madd  should  be  taken  into  considerations  in  the  design  of 
beams  and  slabs  connected  monolithically  with  columns. 

b)  Design  moments  for  long  unbraced  columns  subjected  to  moment  in 
one  direction  (figure  6-17)  : 

The  design  moment  acting  at  the  column  end  is  to  be  taken  the  greater  of: 
1)M2  +  Madd  2)Pemin 


1  Fixed 


o  Hi nged 


Stiffer  end 
*******  joint 


Less 

V.NV*  *.\\V  ,  I  >  ^  i  t  _ 

stiff  joint 


M 


add 


M2  +  "add 


M, 


M 


add 


M2  +  "add 


M. 


A 


add 

may  bo  reduced  in 
proportion  to  the  ratio 
of  the  stiffness  of  the 
less  stiff  to  the  stiffer  joint 


Figure  (6-19)  Design  moment  for  long  unbraced  columns 
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6-4-6  Design  of  columns  subjected  to  biaxial  moments: 

i)  Columns  are  designed  to  resist  axial  forces  and  biaxial  moments 
calculated  according  to  article  (6-4-4-2)  for  short  columns  and  according 
to  articles  (6-4-5-2-a)  &  (6-4-5-3)  for  long  columns. 

ii) For  Rec.  sec.  With  symmetrical  rft.  subjected  to  biaxial  moments  may  be 
assumed  acting  on  one  axis  using  the  following  approximate  method 
(fig,  6-18). 


a  a 


U 


ga» 


t 

k 

X 

M 


-*-►  y  =  x- 


* 

h 

X 

-x  or 


fi 


y 


Q  M 


Ccl > 


y 
Cbl 


-b' 


d 

Fig.  (6-20-a)  Columns  under  biaxial  moment 


If  Mx/a'  <  (My/b')  then  design 
moment  is  taken  about  y-  axis  


M'y  =  Mv  +  p  (b'  / a) Mx 


6-41 


If  Mx/a'  >  (My  /  b')  then  design 
moment  is  taken  about  x-  axis 


M'x  =  Mx  +  p  (a  /  b')  My 


4-42 


Where  values  of  conefficient  |3  are  given  in  table  (6-12): 

Table  (6-12-a)  Values  of  conefficient  3 


Pu  /  (b  a  fcu) 


0 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.80 


0.80 


0.80 


0.75 


0.70 


0.65 


0.60 


iii)  In  case  of  rectangular  sections  with  equal  steel  reinforcement  at  each  two 
paralle  sides  in  column  sec.  (fig.6-21)  and  the  value  Pu/(fcu.b.a)  must  be  ^0  5 
Column  can  be  designed  by  using  a  simplified  method  to  resist  the  axial  force 
(Pu),  and  the  following  bending  moments: 


M  x  -  Mx  .  ab 

(6-43 -a) 

s 

.  >> 

II 

(6-43 -b) 

Where:  ocb  can  be  determined  from  table  (6-2 1-b) 


(Mx/a')/(My/b') 

Rb=Pu/(f»b.a) 

oc 

o 

J 

2 

1 

0.5 

0.33 

0 

Rb  ^  0.1 

1 

1.20 

1.25 

1.30 

1.25 

1.20 

1 

Rb  ^  0.2 

1 

1.35 

1.50 

1.75 

1.50 

1  35 

1 

Rb  ^  0.3 

1 

1.25 

1.35 

1.40 

1.35 

1.25 

1 

Rb  ^  0.4 

1 

0.95 

0.95 

0.95 

0.95 

0.95 

1 

Rb  ^  0.5 

1 

0.65 

0.70 

0.75 

0.70 

0.65 

1 
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6-4-7  Notes  and  details: 

1-  Minimum  dimensions  of  rectanglar  or  circular  column  =  200  mm 

2-  Minimum  diameter  for  longitudinal  rft,  is  $  =12  mm 

3-  All  columns  should  have  one  longitudinal  bar  in  each  conrner. 

4-  Max.  dimension  of  column  side  with  only  corner  bars  =  300  mm 

-  Maximum  spacing  between  bars  is  250  mm. 

-  Minimum  number  of  bars  for  circular  columns  is  6  bars. 

5-  Minimum  percentage  of  longitudinal  reinforcement: 


A 


K 


p  min  Short  column 


p  min  long  column- 
For  rec.  section 


Spiral  column 

P  min 


0.8  %  Ac  req  and  not  less  than 

0.6  %  Ac 

chosen 


p  min  =  0.25  +  0.015  li 
p  rnin  =  0.25  +  0.052  Xb 


1  %  Ag  (gross  concrete  area)  or 
1.2  Ak  (core  area-inside  spiral) 


6-44 

6-45 


6-  Maximum  percentage  of  longitudinal  rft,  is: 


TyPe 

Central  col. 

Edge  col. 

Corner  col. 

ft  max 

4% 

5  % 

6% 

7-  Minimum  diameter  of  stirrups  is  the  greater  of : 

1-  (j)  8  mm 

2-  14  max  diameter  of  vertical  rft.  (14  (j)  VI  max.) 

3-  The  volume  of  stirrups  >  0.25  %  of  the  concrete  volume. 


Max.  spacing  between  stirrups 


> 


200  mm 


15  (j)  (smaller)  of  VI  bars 


9-  For  spiral  stirrups: 
min.  diameter  =  8  mm 
pitch  =  80  mm 

min.  pich  =30  mm 


Constant 

pitch 


pitch 
pitch 
|  pitch 
k  pitch 
|  pitch 

It  is  preferred  to  keep  the  pitch  constant,  and  to  use  3  turns  with  half  pitch 
at  top  and  bottom  of  column  with  end  bar  bent  inside  the  column  with 
length  100  mm  or  10  (j)  spiral. 

10-  Both  spirals  and  hoops  must  continue 
inside  the  beams. 

1 1-  Minimum  splice  length  for  columns  bars 
should  not  be  less  than  35  ([>  vl  or  400  mm. 


T 


column 


y  beam 

■*-i - 
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Notes  : 

1  All  forces  and  moments  at  the  base  of  the  column  should  be  transmitted 
to  the  footing  by  bearing  on  concrete  and  by  rft  (Dowels  -  mechanical 
splices).  If  there  is  tension  on  the  footing  from  cases  of  loading,  it  must  be 
resisted  by  steel  only  and  cracking  limit  state  should  be  satisfied. 

1  Dealing  stresses  for  columns  and  footings  should  not  exceed  the  values 
given  in  article  (4-2-4). 

3) Dowels  and  mechanical  splices  should  resist  the  compression  forces 
greater  than  the  bearing  resistance  for  each  of  the  column  and  the  footing 
but  less  than  the  column  rft. 

4) Lateral  forces,  acting  on  the  contact  surface,  should  be  transmitted  by 
friction  shear  (4-2-2-4)  or  any  other  method. 


not  more 

than  30  cm 

1  1 

» - - - 

r - » - a 

“H 

l — — 

- 

External 

not  more 

1— i1 — 

P44 

than  15  cm 


a 


Fig  (7-5-a)  typical  cross  -  section 
of  a  rectangular  column 


V 

Sex  X-X 


Fig  (7-5-b) 

Detail  of  column  connection 
at  slabs  and  beams 
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U)  k  =  v2 


I)  BUCKLING  &  EFFECT.  HEIGHT  OF  AXIALLY  LOADED  BRACED  COLUMN 


P 


\ 

[ 

(«•)  i«i 


(  t )  1  <  k  <  co 


II)  BUCKLING  &  EFF.  HEIGHT  OF  AXIALLY  LOADED  UNBRACED  COLUMN 
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(d) 


MOMENT  IN  SLENDER  MEMBERS  ,  COMPRESSION  PLUS  BENDING  , 

SINGLE  CURVATURE 


P<P(r 


MOMENT  IN 


(b) 


(c)  (d) 


(e) 


SLENDER  MEMBERS  ,  COMPRESSION  PLUS  BENDING 
DOUBLE  CURVATURE 


9 
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6-5  WALLS 


6-5-1  Definition 


Vertical  elements  with  t  >  5b  and  of  minimum  thickness  120  mm. 
Walls  can  be  divided  into: 

a) Bearing  walls :  subjected  to  compression  forces  and  /or  horizontal  forces. 

b)  Stiffening  walls:  to  support  bearing  wall  against  buckling  and  can  act  as 
wall  bearing  at  the  same  time. 

c) Non  bearing  walls:  subject  to  own  weight  and  horizontal  forces  only. 

-  Wall  can  be  considered  braced  at  any  level  if  the  building  is  braced  at  that 
level  (art.  6-4-2). 


Types  of  walls 


Bearing 


Stiffen 


(  t>  5  b) 
and 


ig  walls 


1 

Non  bearing, non  reinforced 

-v — .  . 

/ 

walls 

\  j 

V  / 

Sti f fening 

1 

X 

walls 

6-5-2  Effective  height  (ED 

Hc  is  to  be  taken  the  same  values  given  in  article  (6-4-5- 1). 

6-5-3  Slenderness  : 

H 

If  the  slenderness  ratio  xb  =—  exceeds  or  equals  the  value  given  in 

b 

table  (6-13-a)  the  wall  is  considered  slender  (long)  and  the  effect  of 
slenderness  must  be  taken  into  consideration  in  statical  calculations.  In  all 
cases  the  slenderness  ratio  should  not  exceed  the  values  given  in  table 


Condition 

Table  (6-13-a) 

Table  (6-13-b) 

A,b  (short) 

Xb  (long) 

Braced  walls 

15 

40 

Unbraced  walls 

10 

30 
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Effective  height  (He  =  KH)  can  be  determined  as  follows: 


H/Lf2  <  0.5 

k=  1.0 

6-46-a 

o 

T— < 

V/ 

e 

V/ 

'-n 

o' 

k=  1.5-H/Lg 

6-46-b 

HZLq>  1.0 

k=l/n+(H^o)21 

6-46-c 

^  2-  In  case  of  ooe  tieeacg  Kcss.  zs  Mcwik. 

) 

H/Lfi  <  1.0 

k=  1.0 

6-47-a 

1.0  H/Lf]  $  2.0 

k=  1.0-0.423  (H/Ln  -1) 

6-47-b 

H/Lfl  >  1.0 

k  =  1/-V/[1  +  0.5(H/Lfl)2] 

6-47-c 

least  of 

0.04  wall  heigth 

d)  Wall  thickness 

0.04  wall  length 

120  mm 

Where: 

H  =  Clear  height  of  wall 

L n=  average  horizantal  distance  between  horizontal  bearing. 

Lfl=Horigontal  distance  between  horizontal  bearing  and  the  free  edge  of  wall 
6-5-2- 1-2  Simplified  method  for  design  ofR.C.  walls  with  rectangular  soild 
section:- 

The  following  simplified  method  can  be  used  for  design  of  solid  concrete 
wall  section  with  strip  reinforcement,  if  all  the  following  conditions  are 
satisfied: 

a)  Wall  section  must  be  solid  rectangular  section. 

b)  Resultant  of  all  ultimate  loads  including  effect  of  horizontal  force  that 
acting  on  wall  section  must  not  be  located  outside  the  middle  third  of* 
rectangular  section. 


-  In  this  case  the  ultimate  load  on  section  can  be  calculated  according  to 
the  following  equation.  _ _ 

Where:-  [  Pu  =  0.8  [  0.35  fcu  Ac(l-(k.h/32t)2)]  (6-48V 


Ac  =  Area  of  concrete  wall  section. 

H  =  Clear  wall  height  between  bearings. 

I<  =F actor  of  wall  effective  length  which  prevent  the  transverse 


K 

0.8 

Walls  prevented  from  rotation  at  ends  upper  and  /  or  lower  ends. 

1 

Walls  free  to  rotate  at  both  upper  and  lower  ends. 

2.0 

Walls  free  to  move  horizontaly  and  perpendicular  to  wall  plane. 

where:  t  =  Wall  thickness. 
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Deviation  in  verticality:  The  maximum  slope  in  verticality  should  not  exceed 
1:15  and  not  more  than  5  mm/m' height  with  maximum  50mm  for  the  total 
height  of  the  building. 

6-5-4  Braced  and  unbraced  walls 


Walls  can  be  considered  braced  if  the  building  is  provided  by  perpendicular 
elements  able  to  transmit  the  lateral  forces  to  the  principle  structral  bracing 
or  to  the  foundations. 


t - - it - - l- 


Braced  in  y-  direction  Braced  in  both  x  &  y  directions 

Unbraced  in  x  -  direction 


The  building  is  considered  braced  if  the  following  condition  is  satisfied  : 


4  floors  or  more 

«  =  hVn/ZE1  <0.6 

(6-46-a) 

less  than  4  floors 

a  =  HVN/ZEl  < 0.2  +  0.1  n 

(6-46-b) 

where  n  =  nnumber  of  floors  ,  N  =  Z  vertical  loads 


H  =  wall  height  above  fixation  level  at  foundations 
E  El  =  flexural  rigidity  for  all  vertical  elements  sharing  in  supporting 
the  building 

Note  :  Vertical  walls  sharing  in  supporting  the  building  must  be  casted  at  the 
same  time  with  the  bearing  walls  or  have  enough  connection  with  them.  The 
total  equilibrium  of  buildings  with  more  than  4  floors  should  not  depend  in 
any  direction  on  unbraced  walls. _ 
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6-5-5  Minimum  thickness  of  walls 

Minimum  thickness  of  all  types  of  walls  =120  mm,  and  should  not  be  less 


Wall  type 

minimum  thickness 

Bearing  walls 

xl  25 

,  Non  -  hearing,  w alls 

[  x  /  30 

Where  x  is  the  least  of : 


Height  between  slabs 
L-  Hi_distance  between  bracing  members 


6-5-6  Minimum  and  maximum  percentage  of  steel 


6-5-6-1  Vertical  reinforcement 

Vertical  rft.  is  to  be  arranged  in  two  meshes  with  the  min.  percentage  given 
in  table  (6-14)  for  cracks  control. 

Table  (6-14)  min.  vl  steel  ratio  pmin  =  (As/  b  d )  % 


Sec.  sub  jected  to 

fy  =  240  N/mm2 

fy  =  400  N/mm2 

tensile  stresses 

0.8  % 

0.45  % 

bending  moments 

0.25  % 

0.15  % 

comp,  stresses 

0.4  % 

0.4  % 

In  all  cases  As  v  h  rft  should  not  be  less  than  0.5  %  Acreq  &  not  more  than 
4  %  A^  actual  &  of  min.  diameter  (j)  8  mm. 

If  Wire  Fabric  is  used,  the  minimum  diameter  is  5  mm  and  the  maximum 
spacing  is  250  mm. 


6-5-6-2  Horizontal  reinforcement 

HI  rft.  is  arranged  outside  vj  rft.  to  hold  it  in  walls  subjted  to  compression 
with  the  following  min.  percentage  : 


fy  =  240 

0.3  %  Ac 

and  ({)  <  -j-  (j)  (vl)  with  min.  cj)  6  mm 
for  wire  mesh  fabric  :  min.  (j)  5  mm 

fy=  400 

0.25  %  AC 
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*  In  case  of  VI.  rft.  >  1%  Ac,  additional  closed  stirrups  with  minimum  (j) 
6  mm,  or  1/4  max  diameter  of  vl  rft.  and  with  minimum  4 
stirrups  /  square  metre  are  to  be  arranged  to  hold  vl  rft.  on  both  sides  of 
wall  through  wall  thickness. 

*  In  case  of  design  the  wall  as  a  column,  distance  between  branches  of 
stirrups  must  not  be  more  than  300  mm  in  both  directions. 

6-5-7  Horizontal  displacement 

The  horizontal  displacement  must  be  calculated  if  h/L  >  12  an<4  must  not  be 
more  than  1/500  of  the  wall  height. 

6-5-8  Concrete  cover  for  steel  Refer  to  article  (4-3 -2-3 -b) 

6-5-9  Calculation  of  forces  on  lateral  supports 

The  lateral  supports  must  be  able  to  transmit  the  following  horizontal  forces 
to  the  foundations  : 

a)  Static  action  of  the  total  horizontal  force  at  the  lateral  supports. 

b)  1  %  of  the  design  ultimate  vertical  loads  at  the  vertical  supports. 

6-5-10  Concentrated  load  on  walls 

The  concentrated  load  is  assumed  to  be  distributed  over  an  effective  width 
equals  to  the  smaller  of: 

i-  Distance  between  concentrated  loads. 

ii-  Bearing  width  +  4  times  the  wall  thickness. 


a  a 

r - + - ^ 
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6-5-11  UNREINFQRCED  CONCRETE  WALLS 

Unreinforced  concrete  walls  are  those  walls  not  satisfying  the  minimum 
;:eel  percentage  according  to  article  (4-5-6).  In  all  cases  unreinforced 
zoncrete  walls  should  be  of  min  thickness  of  120  mm  and  reinforced  by 

shrinkage  and  temperature  rft.  in 
:oth  vl_  &  hi  directions  with  min 
%  of : 


6-5-11-1  Effective  height  He  =  (3  h0 

Where  ho  =  height  between  center  of  slabs  or  top  of  footings 
(3  =  1.5  for  walls  continuous  from  both  sides. 

For  other  cases  refer  to  article  (6-4-5- 1). 

6-5-11-2  Slenderness  ratio 

H 

For  unreinforced  concrete  walls  :  A,bmax  =  — -  not  more  than  30 

b 

where  b  =  the  smaller  dimension  of  wall  cross-sec. 

6-5-11-3  Minimum  eccentricity  of  loads 
The  minimum  eccentricity  of  the  loads  to  be  considered .  in  the  design 
should  not  be  less  than  (0.05  b)  or  (20  mm). 

6-5-11-4  Eccentricity  of  loads  from  slabs  and  floors 

The  loads  of  slabs  supported  on  one  side  of  a  wall  can  be  assumed  acting 
on  one  third  of  the  wall  thickness  only. 

6-5-11-5  Eccentricity  of  loads  in  plane  of  the  wall 

The  eccentricity  is  to  be  calculated  according  to  rules  of  static. 

6-5-11-6  Shear  strength 

Check  of  shear  stresses  on  unreinforced  concrete  walls  can  be  neglected  if : 
i  -  Design  HI.  load  <  1/4  design  VI .  load 

ii  -  Average  working  shear  stress  <0.4  N/mm2 . 

6-5-11-7  Opening 

For  walls  with  opening,  it  is  recommended  to  put  at  the  perimeter  of  the 
opening  1/2  the  steel  area  omitted  at  the  openings  with  minimum  2  (j)  1 2 
or  2  (})  16  .  For  walls  with  thickness  than  150  mm  use  rft.  on  both  sides. _ 
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6-6  Foundations: 

Footings  area,  or  piles  number  and  distribution  are  calculated  by  using 
working  loads.  Stresses  on  soil  or  piles  loads  must  not  exceed  the  allowable 
values,  in  addition  to  effects  of  differential  settlement  according  to  the 
Egyptian  Code  For  Soil  Mechanics  And  Foundations. 

6-6-1  Isolated  footing: 

6-6-1-1  General: 

Stresses,  on  soil  can  be  considered  uniformally  distributed  if  fdo(ing  load  is 
acting  in  its  centroid.  Also,  on  the  other  hand,  stresses  on  soil  can  be 
considered  linearly  distributed  if  footing  load  is  eccentric. 

6-6-1-2  Design  of  footings  to  resist  flexure: 

1-  Critical  sections  for  flexure: 

Critical  sections  for  flexure  is  taken  as  vertical  section  passing  through 
footing  at: 

-  Column  face,  R.C  wall  face  connected  to  footing  fig.  (6-24-a). 

-  At  the  mid  distance  between  column  edge  and  edge  of  steel  plate  that 
rested  on  R.C  footing  below  column  fig.  (6-24-b). 

-  At  the  mid  distance  between  middle  and  edge  of  masonry  wall  rested  on 
the  footing  fig.  (6-24-c). 


Fig.  (6-24)  Sec  (I-I)  Critical  section  for  bending  moment 
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2-  Bending  moments  at  critical  sections  are  calculated  by  taking  the 
moments  of  all  forces  acting  on  the  footing  at  one  side  from  the  critical 
section. 

3-  For  square  footings,  steel  rft.  is  distributed  uniformally  overall  footing 
breadth  in  the  two  directions,  and  it  can  be  distributed  according  to 
bending  moment  diagram. 

4-  For  rectangular  footings,  steel  rft.  is  distributed  uniformally  or  according 
to  bending  moment  diagram,  and  it  can  be  distributed  as  in  figure  (6-25) 
according  to  the  following: 

-  Steel  .ft.  is  distributed  uniformally  in  the  longitudinal  direction. 

-  In  short  direction,  steel  rft.  is  concentrated  in  a  distance  centralized 
with  the  column  as  in  fig.  (6-25). 

The  ratio  of  steel  rft.  in  the  concentration  zone  (Asm)  to  the  total  rft.  in 
short  direction  (As): 


(Asm/As)=  2/[(a/b)+l]  (6-49) 


Footing  sections  are  designed-  according  to  design  conditions  of  limit 
states  theory  (art.  4-2-1),  or  theory  of  elasticity  art.  (5-3-2). 

Where:  a=  Footing  long  dimension 

b=The  bigger  of  footing  short  direction,  or  (column  length  (in  b 
direction)  and  footing  depth). 


* 


Footing  long  dimension 


a 


Steel  is  uniformally  distributed 


7 

% 

/ly 

7f 

/ 

b/2 


* 


Zone  at  which  rft 


b/2 


- 

-)f-  Ag  m  is  concentrated 
The  rest  of  bars  is  distributed  here 


Fig.  (6-25)  Distribution  of  steel  rft.  in  rectangular  footings 
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6-6-1-3  Design  of  footings  to  resist  shear  and  punching  shear  forces: 

1)  Critical  sections  for  shear  are  taken  according  to  conditions  of  art. 
(4-2-2- 1-1)  and  fig.  (6-26-a),  also  critical  sections  for  punching  shear  are 
taken  according  to  art.  (4-2-2-3)  and  fig.  (6-26-b).  In  case  of  using  steel 
plate  to  fix  the  column  on  the  concrete  footing,  the  distance  d/2  is  taken 
from  the  position  of  the  critical  section  determined  in  art.  (6-6- 1-2-1). 


i 

1 

Y//7/7, 

f  . 

A  y 

%<- 


- 7  1  X - 

J  _ _  \. 


(a)  Critical  section  for  shear  (b)  Critical  section  for  punching  shear 

Fig  (6-26):  Critical  sections  of  shear 

2)  Shear  resistance  of  footing  sections  is  determined  according  to  art. 
(4-2-2-2),  also  punching  shear  resistance  of  footing  is  determined 
according  to  art.  (4-2-2-3). 

3)  Shear  stresses  in  pile  caps  can  be  calculated  according  to  the  following: 

-  In  shear  calculations,  the  total  reaction  of  pile  is  taken  into  consideration  if 
pile  center  is  at  distance  greater  than  or  equal  to  pile  radius  outside  the 
critical  section  fig.  (6-27)-  case  (a). 

-  Pile  reaction  is  neglected  if  pile  center  is  at  distance  greater  than  or  equal  to 
pile  radius  inside  the  critical  section  fig.  (6-27)  Case  (b). 

-  In  other  cases  which  lay  between  the  previons  cases,  the  value  of  reaction 
taken  into  consideration  is  calculated  by  linear  interpolation  between  the 
two  previous  cases  -  case  (c)  in  fig.  (6-27). 


Fig.  (6-27):  Effective  pile  load  in  shear  calculation  for  R.C  footing 
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6-6-1-4  Design  of  pile  caps  using  space  truss  method: 

1 )  The  truss  has  triangular  shapes,  its  sides  connecting  between  loading 
center  and  intersection  points  between  piles  centers  and  main  rft.  which 
form  the  rest  of  truss  tensioned  members. 

2)  If  the  distance  between  piles  centers  is  greater  than  three  times  pile 
diameter,  the  main  rft.  That  is  centralized  in  a  distance  equal  to  1.5  pile 
diameter  (measured  from  pile  center)  can  be  taken  in  the  calculation  of 
resistance  of  the  truss  tension  member. 


5)  Min 
thickness 


Isolated  footing 

Pile  cap 

300  mm 

400  mm 

S?  column  width 


6-6- 1-6  Development  length: 

Development  length  and  anchorage  length  for  footing  rft.  Are  determined 
according  to  art.  (4-2-5). and  the  critical  sections  for  development  length  is 
assumed  at  the  same  position  of  critical  sections  in  art.  (6-6- 1-2-1). 

6-6-2  Combined  Footin2  And  Raft  Foundation: 

1)  Combined  footing  is  designed  according  to  relative  rigidity  between 
foundation  and  soil.  It  is  not  allowed  to  analyse  combined  footing  and 
Mat  foundation  by  the  analysis  method  for  slabs  (art.  6-2)  or  flat  slab 
method  (art.  6-2-7),  and  also  the  beams  analysis  method  (art.  6-3). 

2)  Combined  footing  and  Mat  foundation  are  considered  rigid  and  stress 
distribution  below  them  are  linear  if: 


a)  Relative  rigidity  kr  =  Ec.lB/(Eso[i.b~')  ^  0.50  (6-5 0-a) 


Where:  Ec  =  Concrete  modulus  of  elasticity. 

Ib~  moment  of  inertia  (for  foundation  only  or  foumdation,  frames, 
and  shear  walls)  for  one  unit  of  strip  length. 

Esoii  =  Soil  modulus  of  elasticity. 

b  =  Strip  width.  ^ 

b)  Average  distance  between  any  two  adjacent  columns  in  the  two 
directions  <  1. 75/(3. 

 Where  (3  is  a  coefficient: 


k:  Winkler  coefficient  of  soil  reaction 


EC.I:  Flexure  rigidity  of  strip  section 


P  =  ^k.b/(4EC.I 


6-50-b 
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Structural  analysis  is  done  by  satisfing  the  equilibrium  of  loads  with  soil 

reactions. 

3  s  Combined  footing  and  Mat  foundation  are  considered  elastic  if  the 
conditions  in  art.  (6-6-2 -2)  are  not  satisfied,  and  the  analysis  is  done  by 
considering  it  as  an  elastic  slab  supported  on  winkler  base  or  semi-infinite 
elastic  media  considering  the  actual  properties  of  soil.  In  addition,  design 
shall  satisfy  stability  conditions  and  compatibility  of  strains. 

6-6-3  Foundations  Subjected  To  Seismic  Loads: 

6-6-3-1  Footings.  Mat,  foundation,  plie-caps: 

1)  Rft.  bars  of  columns  and  R.C  walls  must  be  extended  inside  foundation 
(footing.  Mat,  pile-cap)  to  a  distance  not  less  than  tension  bars 
development  length  measured  from  connection  surface  between  columns 
(or  walls)  and  foundation,  also  rft.  bars  must  be  extended  to  the  footing 
bottom  rft.  with  angle. 

2)  Piles  rft. must  be  extended  inside  pile-cap  to  a  distance  not  less  than 
development  length  of  tension  bars  measured  from  connection  surface 
between  piles  and  pile  cap. 

3)  If  the  column  (rested  on  footing  or  pile-cap)  is  subjected  to  tensile  forces 
due  to  seismic  load  ,a  top  rft.  must  be  used  to  resist  bending  moments 
due  to  these  loads. 

4)  R.C  foundation  should  be  used  for  building  located  in  seismic  zones 
II  &  III 

6-6-3 -2  Smells  and  slabs  resting  on  soil: 

1)  Smells  are  designed  as  a  part  of  the  structural  elements  resisting  lateral 
loads  aue  tc  earthquake  according  tc  conditions  in  an.  (6-7,  Tnese 
elements  are  designed  as  a  tie  connecting  foundation.  Rft.  must  be 
extender  overaL  smell  length,  and  it  must  extended  bevono  coiumr  C.L. 
to  a  distance  not  less  than  development  length. 

2  At.  16-6-3-2- 1)  is  valid  for  slabs  rested  on  soil  if  it  is  considerec  as  i 
oar  of"  tne  structural  elements  resisting  lateral  loads  due  to  eartnouaices. 

3)  Smel.  widtn  (d>  must  be  as:- 

L/2C  55  b  <  450  mm,  Where:  L  is  the  smell  clear  span,  Stiffness  limit  in 
art.  (6-3-1 -8)  must  be  satisfied. 

6-6-3-1  Piles: 

1- Piles  must  be  designed  and  reinforced  with  adequate  longitudinal  rft  tc 
resis'  forces  and  moments  due  to  seismic  loads  taking  into  consideratior 
soi  properties  also  condition  of  stirrups  area  and  spacing  mus;  m 
satisfied _ 

E!  -  Behairy  Design  Handbook  R.C.  code  2001  -  Chapter  (6)  Beams 


-346- 


3)  Pile  stirrups  must  be  increased  in  the  following  zones: 

A-  At  the  joint  between  pile  and  the  cap  to  a  distance  equal  to  5  times  pile 
diameter  inside  the  pile  and  not  less  than  2.0m  measured  from  the  lower 
surface  of  pile-cap. 

B-  At  zones  which  the  soil  can’t  peovide  side  bearing  to  the  pile,  and,  where 
soil  properties  is  completely  different,  volumetric  ratio  of  spiral  stirrups 
must  not  be  less  than  mentioned  in  art.  (6-7-3 -3). 

6-7  CONDITIONS  FOR  RESISTING  SEISMIC  LOADS: 


6-7-1  General: 

Strutural  systems  for  earthquake  resistance  include  frames,  structural  walls, 
and  stringers.  One  building  can  contain  more  than  one  system. 

1)  Definition  of  structural  element  resisting  seismic  loads. 

Frames  are  the  space  structural  elements  resisting  seismic  loads  its 
elements  and  joints  resist  bending  moment,  shear,  and  axial  force. 
Conditions  of  art.  (6-7-2)  are  applicable  for  non-ductile  frames. 
Conditions  of  art.  (6-7-3)  are  applicable  for  ductile  frame. 

Structural  wall  is  a  walls  designed  to  resist  shear,  bending  moment,  and 
axial  forces  due  to  seismic  loads.  It  includes  reinforced  and  semi 
reinforced  concrete  walls. 

2)  Seismic  loads  calculation  and  determination  of  seismic  zones  are 


Analysis,  design,  and 
detailing  of  structure  are 
done  according  to 
chapters. 


Structures  in  zones  one 
&  two 

Structures  in  zones 
three  &  Four 

3,  4,  6,  7  except 

articles  (6-7-2),  (6-7-3) 

3,  4,  6,  7  inxluding 

articles  (6-7-2),  (6-7-3) 

3)  Article  (1-1-1)  must  be  considered  in  design  of  special  structures. 

6-7-2  Additional  Conditions  For  Non-Ductile  Frames: 

1-  Flat  slabs  resisting  seismic  loads: 

a)  All  moments  transferred  from  slab  to  column  are  resisted  by  column 
strip  only. 

b) Negative  moment  (yf  Mu)  given  in  art.  (6-2-7-7)  is  resisted  by  effective 
width  of  slab  (column  width  +  3  ts  (slab  thickness)  as  shown  in  fig. 
(6-28). 

c) Rfl.  of  the  effective  width  of  slab  must  be  >  Vz  column  strip  iff. 

d) At  least  !u  of  column  strip  top  rft.  must  be  extended  over  the  span 
(fig.  6-29-a). 
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e)  At  least  V2  of  column  and  field  strips  bottom  rft.  must  extend  over  the 
span  (fig.  6-29-a-b)  taking  into  consideration  continuity  of  rft.  inside 
supporting  zones  with  sufficient  anchorage  length  according  to  art. 
(4-2-5 -3). 

f)  Bottom  continuous  rft.  (over  the  span)  in  column  strip  must  be  2*  1/3 
top  rft.  of  column  strip  at  supporting  zones. 

g) For  non-continuous  slab  ends,  bottom  and  top  rft.  at  edge  support  must 
extend  inside  supporting  zone  be  a  sufficient  length  according  to  art. 
(4-2-5-3). 

£  / - / - 


f 


All  rft  resisting  (-ve)  M 
is  arranged  in  column  strip 


Zone  at  which  therft.  to  resist  “Yf  Mq 

This  Rft  -£1/2  Column  Strip 


Fig.  (6-28):  Flat  slab  effective  width 

T&B  Rft  should  be  extended  by  Ld  rft.  area  >  1/4  upper  rft.  at  support 

according  to  art  (4-2-5-3)  / 

kS-  X  /  ~nf- 


f 


/ 

^=t 


>  1/3  upper  rft.  at  support 


a)  Column  strip 

T&B  Rft  should 


f 


f 


Fig.  (6-29):  Arrangement  of  rft.  in  flat  slab 
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2)  Beams  of  R.C  frames  for  resisting  seismic  loads: 

R.C.  beams  subjected  to  bending  moment  or  combined  bending  and  axial 
force  ^0.04  fcu  Ag,  are  designed  as  following: 

a)  Beam  section  at  support  face  is  designed  to  resist  ultimate  postive 
moment  not  less  than  1/3  ultimate  negative  moment  resulted  in  the 
structural  analysis  of  the  structure. 

b)  Postive  or  negative  moment  resistance  at  any  beam  section  must  not  be 
less  than  1/5  the  max.  moment  at  any  face  of  the  two  supports. 

c)  Stirrups  in  a  distance  equal  to  twice  beam  depth  measured  from  face  of 
support  are  distributed  where  the  distance  between  first  stirrp  and  face  of 
support  must  be  less  than  50  mm,  and  the  spacing  between  stirrups  is  less 
than  the  least  of  the  following:  - 


-  Va  beam  depth. 

-  8*  times  smallest  long  bar  diameter  in  beam  section. 

-  24*  times  stirrup  diameter. . 


d  Spacing  between  stirrups  must  be  less  than 

0.5  beam  depth  <  200mm 

3)  Columns  of  R.C.  frames  resisting  siemic  loads: 

>o  for  a  distance  equal  to  L0 
jen  column  and  beam  (or 

Spacing  between  stirrups  must  be  less  than  £ 
measured  from  face  of  connection  betwe 
foundation)  at  both  column  ends  (Fig.  7-6-b). 

L0  =  the 
greatest  of 

1/6  clear  height  of  col. 

< 

So 

=  the 
least 
of 

8.  <i>  min.  long. 

Col.  Big  dimension 

24.  Col.  Stirrup  diameter 

Zi  col.  Small  dimension. 

500  mm 

150  mm 

The  first  stirrup  is  at  a  distance  (So/2)  from  face  of  connection  between 
column  and  beam.  Spacing  between  stirrups  along  the  rest  of  column  height 
must  be  less  than  2 So  and  stirrups  must  extend  inside  beam  by  the  same 
distance  S0. 

# 

6-7-3  Additional  Conditions  For  Ductile  Frames: 

6-7-3-1  Frame  beam: 

R.C.  beams  subjected  to  bending  moment  with  out  or  with  axial  compression 
^  0.04  £u  Ag,  are  designed  according  to  art.  (6-7-2-2)  in  addition  to  the 
following: 

1-  Beam  width  to  depth  ratio  >  0.30. 

2-  Beam  width  ^  250  mm,  >[Colmn  width  +  2  *  0.75  beam  depth], 
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3-  Section  resistance  to  positive  moment  at  face  of  support  must  not  be  less 
than  50  %  of  its  resistance  to  negative  moment  at  the  same  face  of 
support. 

In  all  cases,  section  resistance  to  moment  (+ve  or  -  ve)  at  any  section 
must  not  be  less  than  %  biggest  corresponding  resistance  at  support  face 
and  at  least  2  bars  (upper  and  lower)  must  be  extended  along  beam  length. 

4-  In  case  of  Lap  splices,  the  following  conditions  must  be  satisfied  in  splice 
zone: 

-  Beam  transversal  rft.  in  splice  zone  consists  of  closed  or  spiral  stirfups. 

-  Spacing  between  stirrups  in  Lap  splice  zone  must  be  less  than  the  least  of 

the  following:  yA  beam  effective  depth  or  |  100  mm 

-  Its  not  allowed  to  make  Lap  splice  at  the  connection  between  beam  and 

column,  and  also  at  the  position  where  steel  rft.  may  be  reach  yield  stress. 

-  Distance  between  beginning  of  lap  splice  and  face  of  adjacent  support  must 

not  be  less  than  twice  beam  effective  depth. 


6-7-3-2  Columns  of  frames:  ■* - - - *■ 

a-  Column  dimension  _ 

a>b 

b-If  Pu  >  0.04  Ag  fcU,  ultimate  moment  strength  of  frames  columns 

connected  with  beams  must  satisfy  the  following  relation: _ 

ZMc^l.2ZMg  (6-51) 

ZMC  =  Sum  of  ultimate  moment  of  resistance  of  columns  at  joint  with  beam, 
calculated  at  column  face  by  using  the  value  of  the  axial  load  that 
gives  min.  moment  resistance. 

ZM„  =  Sum  of  ultimate  moment  of  resistance  of  beam  at  joint  with  column, 
calculated  at  column  face.  For  T-section,.when  the  slab  is  subjected 
to  tension  due  to  moment,  ultimate  resistance  of  beam  is  calculated 
by  considering  a  part  of  slab  width  is  sharing  in  the  ultimate 
resistance  with  condition  that  slab  rft.  must  be  extended  with  a 
suitable  anchorage  length  after-  the  critical  section.  Summation  of 
moment  resistance  is  done  so  that  moment  resistance  of  columns  is 
in  the  reverse  direction  of  moment  resistance  of  beams. 

If  this  previous  condition  is  not  valid,  column  effect  is  neglected  in 
calcution  of  rigidity  and  ultimate  resistance  of  structure,  however 
conditions  of  column  stirrups  in  art.  (6-7-3-3)  must  be  satisfied. 
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c- 


d-  Lap  splices  are  allowed  only  at  the  middle  of  column  height, 
e-  Lap  splices  must  be  designed  as  tension  Lap  splices.  It  is  allowed  to  use 
weld  splices  or  mechanical  splices  at  any  section,  with  satisfying 
reqvirements  of  art.  (4-2-5-4-3).  considering  that  more  than  (14)  bars 
must  not  be  spliced  at  the  same  section,  and  the  distance  between 
splices  must  not  be  less  than  600  mm,  also  weld  splices  must  satisfy 
standard  specifications  requirements. 

6-T-3-3  Joints  Frames  (connection  between  frames  beams  and 

columns): 

a- Forces  in  long.  Rft  of  beams  are  determined  at  face  of  column  by  taking 
tensile  stress  in  steel  rft.  equals  to  1.25  yield  stress, 
b- Joint  resistance  is  determined  by  taking  the  suitable  reduction  factor  of 
resistance  according  to  art.  (3-2- 1-2). 

c-Long.  Rft.  of  beam  (which  stops  inside  the  column)  should  extend  to  the 
far  face  of  column  and  anchored  with  suitable  development  length 
according  to  art.  (4-2-5- 1). 

d-If  beam  rft.  is  extended  through  the  joint,  column  dimension  in  the  beam 
direction  must  not  be  less  than  20  times  largest  Rft.  diameter, 
e-  Columns  stirrups  must  extend  inside  the  joint  and  stirrups  area  must  not 
be  less  than: 


Greater  of- 

Ast  =  0.24  (s.Vl.Uf„,)[(AB/Ak)-ll 

(6-52-a) 

Ast  =  0.07  (s.y i .fcu/fyst) 

(6-52-b) 

Ak 

W’t 

//////, 

v///// 

VZ////. 

Ag 

Where: 

Ag  =  R.  Csection  area. 

Ak  =  Cross-section  area  inside  stirrups  perimeter  (core  area), 
fysi  =  yeild  stress  of  stirrups. 

S  =  Spacing  between  stirrups. 

Yi  =  Dimension  of  column  core  measured  from  stirrups  centerlines. 

Ast  =Total  area  of  stirrups  section  including  crossties  through  distance  (S) 
and  perpendicular  to  yi. 

f-  If  beam  width  is  greater  than  the  column  width  and  there  is  no  other 
intersecting  beams,  a  transversal  stirrups  must  be  used  through  beam 
depth  to  anchore  the  beam  long.  Rft. 
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g- Shear  force  at  frame  joint  must  be 

<0.96AjVf^ 

Where: 

Aj=  Area  of  the  effective  section  through  the  joint  in  a  plane  parallel  to  the 
plane  of  the  rft.  Perpendicular  to  shear  plane  in  the  joint  zone. 

-  Depth  of  joint  zone  is  the  total  depth  of  column. 

-  Effective  width  of  frame  joint  must  not  be  less  than: 

-  Beam  width  +  depth  of  frame  joint. 

-  2  times  the  smallest  perpendicular  dimension  measured  from  beam  axis  to 
column  edge,  and  equal  to  (b+2x)  according  to  fig.  (6-30). 


Effective  area 


z:: 

C2  =  Joint  depth 

in  the  plane  of  shear 
producing  rft.  \ 


shear  producing  rft.  ^ 

Jy 


% 


& 


jy 


Effective  width  of  joint 

{  ^  "I"  _  2  }  The  smaller 
b  +  2  x 


✓ 


vcP> 


fig.(6-30)  Effective  area  of  frame  joint 
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6-8  PRE-CAST  CONCRETE: 

Pre-cast  concrete  units  are  designed  according  to  this  article,  in 
addition  to  all  code  articles  which  fit  with  this  article.  This  article  is  not 
sufficient  for  seismic  design. 

6-8-1  General: 

Pre-cast  concrete  elements  and  joints  are  designed  to  resist  all  external 
loads  acting  on  the  element  during  manufacting,  storage,  transportation, 
construction,  and  using  stages,  also  stresses  due  to  end  restraint. 

6-8-2  Distribution  of  design  forces  between  elements: 

1 - Forces  perpendicular  to  elements  plane  are  distributed  according  to 

structural  analysis,  or  empirical  test. 

2-  Forces  are  transfered  between  pre-cast  slab  elements  or  walls  in  the 
same  plane  according  to  the  following  requirements: 

a- Continuity  of  forces  transition  path  in  the  plane  through  elements  and 
joints. 

b-A  continuous  path  should  be  provided  by  using  steel  rft.  to  resist  the 
generated  tension  forces. 

c-  Splices,  ties,  and  bearing  zones  are  designed  to  resist  all  transfering 
loads  including  Special  Forces  due  to  elastic  deformation,  creep, 
shrinkage,  or  temperature. 


6-8-3  Reinforcement  of  pre-cast  elements: 


Walls 

VL  and  Hl  Rft.  ratio  5  0.25%. 

Slabs 

Reinforcement  Ratio  in  any  direction  ^  0.15%. 

6-8-4  Structural  integrity: 

6-8-4- 1  Pre-cast  concrete  structures  with  two  floors,  or  less  should  satisfy 
thr  following  conditions: 

1 - Longitudinal,  transversal,  and  vertical  ties  should  be  used  to  ensure 
connection  of  the  pre-cast  elements  to  structural  system  resisting  lateral 
loads. 

2-  For  pre-cast  slabs  behave  as  rigid  horizontal  diaphragms,  nominal 
ultimate  tensile  strength  of  the  connection  between  these  slabs  and  the 
vertical  elements  resisting  lateral  loads  is  not  less  than  4.5  KN/m. 

3-  A  vertical  ties  must  be  used  in  all  vertical  structural  elements,  by  using 
splices  at  horizontal  joints  according  to: 
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a-  Nominal  ultimate  tensile  strength  of  pre-cast  columns  must  not  less  than 
1 .4  Ag  (N),  where  Ag  is  the  required  area  of  the  concrete  section  (mm2). 

b-  For  pre-cast  walls,  two  ties  at  least  must  be  used  in  the  wall  and  the 
nominal  ultimate  strength  should  not  be  less  than  45  KN  for  each  tie. 
These  ties  are  symmetric  about  the  VL  axis  of  wall  and  lay  in  the 
external  quarter  of  wall  (if  possible). 

4- Friction  resistance  due  to  permant  vertical  loads  must  be  neglected  in  the 
design  and  detailing  of  joints. 

6-S-4-2  Pre-cast  bearing  walls  structures  with  height  more  than  two  floors, 
must  satisfy  the  following  conditions: 

1  -  Slab  structural  system  should  have  long.  And  transversal  ties  to  generate 
nominal  ultimate  strength  not  less  than  22  KN/m.  these  ties  should  be  at 
bearing  zones  of  internal  walls  and  also  between  structure  elements  and 
external  walls,  and  it  should  be  arranged  in  a  distance  not  more  than  600 
mm  from  floor  (or  slab)  level. 

2-  Longitudinal  ties  parallel  to  slabs  spans  are  arranged  at  distances  not 
more  than  3.0  m,  precautions  should  be  taken  to  ensure  forces  transition 
around  holes. 

3 - Transversal  ties  perpendicular  to  slabs  spans  are  arranged  at  distances 
not  more  than  distance  between  bearing  walls. 

4-  Ties  around  external  perimeter  of  each  slab  are  arranged  in  a  distance 
equal  to  1.20  m  from  slab  edge,  and  it  must  produce  tensile  strength  not 
less  than  70  KN. 

5 - Vertical  ties  are  used  in  all  walls,  and  also  it  should  be  continuous 
through  building  height.  These  ties  should  produce  a  nominal  ultimate 
tensile  strength  not  less  than  40  KN/m  of  wall  length,  and  each  wall 
should  have  two  ties  at  least. 

6-8-5  Design  of  joints  and  bearing  zones: 

6-8-5- 1  Forces  can  transfere  between  elements  injected  joints,  or  shear 
connectors,  or  mechanical  splices,  or  steel  rft.  splices,  or  reinforced 
topping.  Mechanical  splices  are  preferable  with  injected  joints  or 
shear  connectors  in  the  structure  with  3  floors  or  more. 

6-8-5-2  Validity  of  joints  to  transfere  forces  between  elements  can  be 
determined  by  analysis  or  empirical  test  and  when  shear  is  the  main 
acting  load,  all  conditions  of  art.  (4-2-2-4)  must  be  satisfied. 
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f-8-5-3  In  the  design  of  joint  with  different  materials,  the  relative  rigidity 
of  materials,  max.  strength  and  ductility  must  be  taken  into 
consideration. 

6-8-5-4  If  pre-cast  slab  elements  are  simply  supported,  the  following 
conditions  must  be  satisfied: 

1 - Bearing  stresses  between  contact  surfaces  must  not  exceed  bearing 
strength  between  any  of  the  contact  surfaces  and  supporting  element. 
Concrete  bearing  strength  can  be  determined  according  to  art.  (4-24)  or 
art.  (5-6). 

2-  If  the  structure  analysis  or  empirical  test  doesn’t  prove  that  there  is  a 
defect  in  the  structural  behavior  of  the  connection  or  bearing  zones  of 
pre-cast  elements,  the  following  conditions  must  be  satisfied: 

a-  Design  dimensions  should  satisfy  that  distance  between  support  edge 
and  the  end  of  the  pre-cast  element  ^  1/180  of  element  clear  span 
considering  tolerent  but  not  less  than:  Fig.  (6-32).  •  . 


For  slabs 

50  mm 

For  beams 

75  mm 

b-  Bearings  are  used  for  non-stiffed  ends  on  a  distance  not  less  than  1 5 
mm  from  face  of  support. 

3-For  statically  determined  pre-cast  elements,  1/3  of  positive  moment  rft. 
must  be  extended  to  the  middle  of  supporting  length. 


fig.(6-32)  Bearing  length  for  pre-cast  element 
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6-8-6  Imbedded  parts  after  casting  concrete: 

Imbedded  parts  can  be  fixed  during  elasticity  stage  of  concrete  as  dowels  and 
accessories,  which  are  protruding  from  concrete  surface,  but  the  following 
must  be  satisfied: 

1- Imbedded  parts  should  not  be  fixed  with  concrete  rft.  or  with  hooks 
ends. 

2-  Imbedded  parts  should  be  fixed  correctly  during  elasticity  stage  of 
concrete. 

3-  Concrete  should  be  compacted  well  around  the  imbedded  parts. 

6-8-7  Numbering  and  differentiation: 

1- Each  pre-cast  element  should  be  numbered  to  indicate  its  position  and 
direction  in  the  structure,  also  its  manufacturing  date. 

2-  Signs  should  be  identical  to  assembling  drawings. 

6-8-8  Handlin2: 

1- In  the  design  of  pre-cast  elements,  all  forces  and  distortions  due  to 
curing,  storage,  handling,  and  installation  should  be  taken  into 
consideration. 

2- Pre-cast  units  should  be  fixed  during  assembling  by  using  equipments  to 
prevent  its  movment  until  finishing  the  cast  of  permenant  joints. 

6-8-9  Evaluation  of  pre-cast  elements  strength; 

1- Pre-cast  elements  with  cast-insitu  concrete,  can  be  tested  by  loading  the 
pre-cast  element  only  according  to  the  following: 

a-  Loading  can  be  done  by  test  loads  only  if  the  calculations  indicate  that 
the  pre-cast  element  (individually)  will  not  be  critical  for  compression 
or  buckling. 

b-  Test  load  is  the  load  when  applied  on  the  pre-cast  element  individually, 
gives  the  same  total  tensile  force  in  tensile  rft.  which  will  be  produced 
when  the  installed  element  is  loaded  by  test  load  according  to 
art.  (8-7-7). 

.  2- The  pre-cast  element  is  considered  acceptable  if  the  conditions  in  art. 
(8-7-7)  are  satisfied. 
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6-9  Mathematical  model  and  check  model  for  computer  modelling  of 

structures: 

6-9-1  Conditions  which  must  be  satisfied  in  mathematical  model: 

It  is  allowed  to  use  numerical  analysis  methods  by  using  computers 
(as  finite  elements  analysis,  or  any  other  numerical  methed)  to 
determine  the  internal  forces  in  structures.  The  used  method  must 
satisfy  conditions  of  equilibrium  and  compatibility  of  strains  in 
addition  to  the  following  conditions  that  must  be  satisfied: 

6-9-1-1  Geometric  conditions: 

1  -If  finite  elements  analysis  is  used,  rectangularity  ratio  of  grid  elements 
shouled  be  chosen  so  that  doesn’t  affect  results  accuracy. 

2-  Lines  of  the  grid  used  in  numerical  methods  is  prefered  to  pass  through 
columns  by  using  grids  with  different  dimension  according  to  solution 
requirement. 

3 - The  mathematical  model  should  simulate  the  actual  behavior  of  the 
structure  (geometric  shape,  supports,  loads,  and  end  restraints  cases). 

6-9-1-2  Structural  conditions: 

1 - Loading  path  and  its  transfer  from  element  to  another  up  to  foundations 
must  be  checked. 

2-  Different  loading  cases  should  be  considered  to  get  the  max.  stresses  at 

any  section. 

3 - Deflection  must  be  checked,  taking  into  account  effect  of  cracking  and 
creep  according  to  art.  (4-3). 

4-  In  structures  and  especially  slabs,  column  rigidity  in  the  two  directions 
and  also  beams  rigidity  must  be  considered. 

5-  In  case  of  representing  slab  beams  in  the  two  directions  as  a  grid,  all 
internal  forces  (bending  moment,  axial  force,  shear,  and  torsion)  must  be 
considered  in  the  design. 

6-  Effect  of  cracks  can  be  taken  into  consideration  in  the  structural 
analysis.  If  it  is  difficult  to  take  cracks  into  consideration,  moments  and 
the  resultant  internal  forces  can  be  redistributed  taking  into 
consideration  the  expected  effects  of  cracks  on  the  structural  behavior  of 
the  structure  and  also  on  determination  of  areas  and  directions  of 
steel  rft. 
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6-9-2  Revision  of  computer  analysis  results: 

1 - Input  data  (geometric,  shape,  restraints,  loads,  materials  properties) 
which  used  in  the  analysis  must  be  reviewed,  in  addition  to  the  general 
equilibrium  of  the  structure. 

2- Results  should  be  compatible  with  equilibrium  requirements  between 
loads,  internal  forces,  compatibility  of  strains,  deformation,  expected 
behavior  of  the  structure,  and  restraint  shapes. 

3 - The  used  program  in  the  analysis  shoud  gives  results  compatible  with  the 
traditional  methods  with  an  acceptable  accuracy. 

6-9-3  Slabs: 

In  addition  to  articles  (6-9-1)  and  (6-9-2)  the  following  must  be  considerd: 

1-  Slabs  elements  are  represented  by  using  shell  elements  or  plate  bending 
elements. 

2-  In  case  of  representing  slabs  by  shell  or  plate  elements  and  representing 
beams  by  frames  elements,  the  eccentricity  between  the  element 
representing  the  slab  and  the  axis  of  rigidity  of  the  element  representing 
the  beam  must  be  modeled.  This  eccentricity  can  be  taken  into 
consideration  by  assuming  that  the  beam  element  has  a  rigidity  equal  to 
the  rigidity  of  T  or  L-section  with  flange  width  equal  to  half  the  flange 
width  in  art.  (6-3- 1-9). 

3-  Steel  rft.  can  be  arranged  in  perpendicular  strips  where  the  distribution 
of  the  rft.  in  each  strip  is  uniform.  Bending  moment  for  the  strip 
calculated  as  follows: 


Mx  =  (mx)  +  (mXY) 

6-53-a 

Mv  =  (mv)  +  (mxv) 

6-53-b 

Where:  mx,  my  are  the  ultimate  bending  moments  per  meter  in  x,y 
direction  respectively,  with  candition  that  mx  or  my  ^  1  Vi  average  bending 
moment  in  the  strip. 

-  (mx),  (my)  are  the  absolute  values  of  the  bending  moment  per  unit  length  in 
the  strip. 

-  (mxy)  is  the  absolute  values  of  the  torsional  moment  per  unit  length  in  the 

strip. 
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4- Restraints  due  to  column  in  the  horizontal  plan  can  be  distributed  on 
column  area  and  the  design  is  done  by  using  the  moments  obtained  at 
column  faces,  but  if  the  column  is  represented  by  one  point,  the  design  is 
done  by  using  negative  moment  value  at  column  perimeter. 

5-  Generally,  main  rft.  can  be  arranged  in  the  direction  of  main  tensile 
stresses  with  allowable  variation  about  ±15°,  or  in  two  perpendicular 
directions  as  previous. 

6-9-4  Mat  foundation: 

In  addition  to  art.  (6-9-1)  and  (6-9-2),  the  following  must  be  considered: 

1-  Column  load  in  the  horizontal  plane  can  be  distributed  on  column  area, 
and  the  design  is  done  by  using  the  bending  moment  at  columns  faces. 

2-  Soil  must  be  modelled  according  to  code  of  foundations  taking  into 
consideration  the  allowable  values  of  settlement  and  stresses  on  soil. 

3- Raft  is  considered  rigid  if  the  conditions  in  art.  (6-6-2-2)  is  satisfied. 

4-  In  raft  analysis,  it  must  be  checked  that  there  is  no  tensile  streses 
between  the  raft  and  soil  springs. 

6-9-5  Beams,  columns,  and  frames: 

1-  Columns  can  be  analyzed  by  using  a  second  degree  structural  analysis 
(P-A  effect),  but  the  design  moments  obtained  from  this  analysis  must 
not  be  less  than  the  given  chapter  (6). 

2-  If  frames  are  analysed  as  space  frames,  all  forces  acting  on  the  section 
at  the  same  case  of  loading  must  be  considered. 

6-9-6  Deep  beams,  short  cantilevers,  and  walls: 

Numerical  methods  can  be  used  in  the  calculation  of  stresses  and 
strains  in  deep  beams,  short  cantilevers,  and  walls,  considering  that 
results  must  not  be  less  than  the  design  values  given  in  this  code. 
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10-2  Materials  of  prestressed  concrete: 

10-2-1  Concrete: 

1)  General 

Concrete  used  in  prestessed  structures  should  have  very  high  compressive 
strength  to  reduce  own  weight,  volumetric  deformations  (creep  & 
shrinkage),  losses  and  to  satisfy  limit  states  requirements. 

3)  Concrete  grade:  (characteristic  compressive  strength) 

Number  of  test  results  that  give  a  concrete  characteistic  strength 
less  than  4  N/mm2  must  be  less  than  1  %. 

/in  i  _ * _ j _ at  tvt  / _ „-2\ 


- . - - - - - 

Concrete  grades  (N/mm“) 

30 

35  40  45 

50  55  60 

4)  Concrete  compressive  strength  at 
transfer  stage  must  not  be  less  than 

Pre-tens  ioned 

Post-tensioned 

25  N/nr 

22  N/nr 

5)  Safety  margin  of  Mix  design  (M) 

(art.  2-5-3) 

M  =  2.33  s  -  4.0  N/mm"  ,  (10-1) 

s  =  standard  deviation  N/mm2. 

10-2-2  Prestressing  steel  tendons: 

Table  (10-2):  properties  of  prestressing  steel 

Steel  type 

Min.  yeild  stress  / 
tensile  strength 

Min  elongation 
at  failure  % 

measurement 

length 

Strands 

<  85  %  * 

<  3.5  % 

610  mm 

Wires 

<85  %* 

<4% 

250  mm 

Smooth  bars 

<  85  %  ** 

<4% 

20  0 

Deformed  bars 

<80%** 

*  Yeild  stress  is  the  stress  results  to  an  elongation  of  1  %  . 

**  Yeild  stress  is  the  stress  equivalent  to  residual  strain  of  0.20  % 
determined  by  using  elongation  under  load  method. 

10-3  Design  of  prestressed  concrete  elements: 

10-3-1  Basics  of  design: 


1)  Prestressed  elements  are  to  be  designed  according  to  limit  states  design  method. 
Ultimate  strength  safety  margins  (yc&ys)  are  taken  according  to  chapter  (3),  but 
the  symbol  ys  is  replaced  by  yps  for  prestressing  steel. 

2)  For  prestressed  concrete  sections  subjected  to  flexure  or  eccentric  force,  the 
design  is  to  be  carried  out  according  to  article  (4-2-1)  taking  into  consideration 
the  stress-strain  relationship  of  the  steel  used  as  shown  in  Fig.  (10-1). 


31 


Steel  type 

fov  /  fnu 

Deformed  bars 

0.80 

(10-2) 

Normal  relaxation  stress  relieved  strands, 

wires  and  smooth  bars. 

0.85 

(10-3) 

Low  relaxation  stress-relieved  strands  and  wires 

0.90 

(10-4) 
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Stress1 

fpy 

fpy/Yps 

i 

_ - — " 

i 

T\  — — —  \ 
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Ji  i 

/ 1 1  i 

/i  i  i 

/  1 1  i 

/  1 1  i 

/  ii  i 

/  1 1  i 

/  '  i  i 

L  1 1  i 

/fp! !  1 

_ Ll _ 1 _ ^ 

in 

essing  steel. 

Spy/Yps  f  Cpy  £pu  Stra 

Fig  (10-1)  Idealized  stress  and  strain  curve  forprestr 

10-3-2  Workine  limits  reauirement: 

1)  Elastic  analysis  method  (where  stiffness  of  the  section  are  calculated  for 
the  full  section  neglecting  cracks)  can  be  used  to  check  stresses  at: 

Transfer  stage  -  construction  stage  -  Working  stage  -  Cracking  stage. 

Design  charts  and  examples  for  elastic  analysis,  refer  to  Design  ADIS. 

Table  (10-3):  Allowable  working  stresses  in  concrete  (N/mm2) 

Concrete  grade 

f  * 

30 

'<£j> 

40 

50 

60 

Min  concrete  strength 

f  .  ** 

ACU1 

26 

30 

34 

42 

51 

A-  Axial  load 

0.25  fcu 

7.5. 

8.75 

10 

12.5 

15 

B  -  Flexure: 

1-Transfere  stage  before  time  dependent  losses  (N/mm2) 

• 

a-  Max.  compression 

0.45  fcui 

11.7 

13.5 

15,3 

18.9 

23.0 

b-  Max.  tension  at  ends  of  simply 
supported  beams 

0-44  VC" 

2.24 

2.4 

2.56 

2.84 

3.14 

c-  Max  tension  except  that  in  (b) 

0-22  VC 

1.12 

1.20 

1.28 

1.42 

1.57 

2-Working  stage  after  all  losses. 

a-  Max.  compression  due  to 
prestressing  and  peremenant  loads 

0.35  fcu 

10.5 

12.25 

14 

37.5 

21 

b-  Max.  compression  due  to 

prestressing  and  all  loads 

0.40  ^ 

12 

14 

16 

20 

24 

c-  Max.  tension  in  pre-compressed 
tensile  zone 

0-44  VC  ’ 

2.41 

2.60 

2.80 

3.11 

3.41 

*  fCui-  Concrete  characteristic  compressive  strength  at  transfer  stage. 

**  feu  =  Concrete  characteristic  compressive  strength  at  working  stage. 
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Table  (10-4):  Allowable  stresses  for  prestressing  steel  tendons  (N/mm 


') 


a-  Due  to  primary  tension  force*. 


b-  During  tensioning  of  bars  (transfer  stage). 


0.9  f^  0.75  fr 


pu 


0.7  £ 


After  transfer  of  stresses  to  concrete  (working  stage) 


d-  At  end  anchorage  and  positions  of  splices  in  post- 

tensioned  concrete. 


0.8  fpy  <  0.7  fr 


pu 


Must  not  be  more  than  the  design  value  suggested  by  the  manufacturer  of  the 
end  anchorages. 


10-3-2-4  Limit  state  of  deflection  and  camber  (SLSft 

1 )  Immediate  (short-term)  deflection  and  camber  are  to  be  calculated 
for  fully  prestressed  beams  by  using  theory  of  elasticity 
considering  the  moment  of  inertia  for  the  gross  section  (Ig). 
Calculations  are  carried  out  for  different  cases  of  loading 
including  prestressing  force  (without  creep  and  shrinkage). 

2)  Long  term  deflection  is  calculated  under  the  effect  of  all  permanent  loads 
including  shrinkage,  creep  and  steel  relaxation.  (Stresses  in  concrete  and 
pestressing  steel  are  calculated  after  occurrence  of  all  losses). 

j)  Camber  values  must  not  exceed  the  limits,  which  negatively  affect  the 
form  and  the  function  of  the  structure. 

4)  Deflection  should  not  exceed  the  following  limits  according  to  art.(4-3-l) 

Max,  allowed  deflection  (A) 


A  (dead  load  +  live  load  +  temp  + 
shrinkage  +  creep  ) 


A  (dead  load  +  finishes  +  temp  + 
shrinkage  +  creep ) 


> 


L/250 

One  way 
slabs  & 
beams 

4-60-a 

L'  / 450 

Cantievers 

4-60-b 

L/350 
or  20mm 

One  way 
slabs  & 
beams 

4-60-c 

L'  /  600 

Cantilevers 

4-60-d 
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10-3-3  Design  for  Ultimate  Strength  Limit  State: 

10-3-3-1  Sections  subjected  to  flexure: 

1)  Ultimate  limit  bending  moment  for  a  prestressed  concrete  section  can 
be  determined  by  using  limit  states  method  taking  into  consideration  the 
stress  distribution  shown  in  figure  (10-2). 

ecu=  0.003  0.67  Ico/Yc  0.67 


Fig.  (10-2):  Ultimate  strains  and  stresses  distributions 


2)  Total  strain  in  prestressing  steel 


Bps  Spe  See  Spc 


00-5) 


Where:  spe  =  strain  in  prestressing  steel  due  to  the  prestressing  force  taking 
into  consideration  the  effect  of  all  losses. 
sce  =  strain  in  concrete  at  the  level  of  prestressing  steel  due  to 
prestressing  taking  into  consideration  the  effect  of  all  losses. 
spc  =  strain  in  prestressing  steel  due  to  compatibility  of  strains  at  the 
ultimate  limit  of  bending  moments. 

3)  Stress  in  prestressing  steel  (fps)  at  ultimate  limit  bending  moment  of  the 
section  is  calculated  according  to  the  total  strain  obtained  from  eqn 
(10-5)  and  the  idealized  curve  of  prestressing  steel  (fig.  10-1). 

4)  Sections  with  prestressing  steel  at  tension  side  only: 

Ultimate  limit  moment  for  rectangular  sections  with 


Prestressing  steel 
tension  side  only 


at 


Mu  =  Aps  (fPs/yPs)  (dp-a/2) 


10-6-a 


With  additional 
ordinary  steel  rft. 


Mu  =  Aps  (fpS/yps)  (dp  -  a/2)  +  As  (fy/ys)  (d  -  a/2) 


10-6-b 


Where:  dp  is  the  distance  between  the  fibers  subjected  to  max.  compressive 
stresses  and  the  centroid  of  prestressing  steel. 

b  =  section  width  &  a  =  see  fig.  (10-2). 

Effect  of  any  steel  rft.  in  the  section  can  be  considered  by  using 
equilibrium  method  and  compatibility  of  strains. 

5)  Approximate  equations  (10-7)  41 0-8)  for  calculation  of 

May  be  used  if  the  stress  in  prestressing  steel  after  all  losses  fpe  >0.5  fpu. 
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5-1-  Bonded  prestressing  tendons: 


a)  Sections  with  tension 
and  compression  rft. 


fps=  fpu  [1-T]p  (tip  fpu  /  feu  +  d/dp  (co-co'))] 


10-7 


b)  To  take  compression 
rft.  into  consideration  eqn. 
(10-8)  should  be  satisfied 


[(tip  .  fpU  /  fcu  +  d  /  dp  (go  -  ©'))]  5*  0.17 
d'  ^  0.15  dn 


10-8 


5-2-  Unbonded  prestressine  tendons: 


Case  a)  Span  /  depth  ^35 

fps =  Cw  +  70  +  (fc  /  125  (j.D)  N/mm2'  (10-9) 

fps  <  the  least  of: 

fpy 

(fpe  +  420)  N/mm2 

Case  b)  Span  /  depth  >35 

fps  =  fpe  +  70  +  (fcu  /  3  75  Up)  N/ram2  (10-10) 

fpS  <  the  least  of: 

f 

ipY 

‘  (f„e  +  200)  N/mm2 

r\p  =  is  a  coefficient  depends 
on  type  of  steel 

0.68 

0.50 

0.35 

(fpv  /  fpu)  not  less  than 

0.80 

0.85 

0.90 

CDp  M-p  fi>s  /  fcu 


M-p  Aps  /  (b.dp) 


CD  M-.  fy  /  fcu 


M-  =As  /  (b.d) 


co'=  p'  fy  /  fc 


cu 


\i  =A's/(b.d) 


6)  Max,  and  Min,  limits  for  prestressing  steel  (Asp)  &  normal  steel  (As): 


a-  Max.  steel  ratio  A 
(max.)  &  As  (max.) 


ps 


(Dp  ^  0.28 


10-1 1 -a 


R  -  sec. 


[(Op  +.  (d/dp)  (co  -  ®')]  ^  0.28 


10-1 1  -b 


T  -  sec. 


[cppw  +  (d/dp)  (cdw  -  co\v)]  ^  0.28 


10-1 1-c 


Otherwise  use  compatibility  method  to  calculate  strength  of  the  R.C.  section 
Where:  |_ip=  percentage  of  prestressing  steel  in  the  x-section, 

CDpW,  CDw,  co  w  of  T-sections  are  similar  to  wp,w,  and  w'  of  R-sections  except 
that  b  shall  be  the  web  width,  and  rft.  area  shall  be  the  required  to  develop 
compressive  strength  of  web  only. 
b-  Min,  steel  ratio  AnS(mM  &  Asm,m^ 

Min  values  of  (Asp)  &  (As)  shall  be  adequate  to  develop  Mu  >  1.2  Mcracking 
(art.  4-3-1 -4).  This  condition  is  not  valid  for  the  following  cases: 

a)  Unbonded  post-tensioned  slabs. 

b)  Elements  subjected  to  flexure  with  shear  and  flexure  strength  equal 
to  twice  the  required  values  from  calculations. 
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2-  Min,  bonded  reinforcement  in  elements  with  unbonded  prestressing  steel 


a)  members  with  unbonded 
prestressing  tendons 

As  min  0.004  A 

10-12-a 

b-  Flat  slabs  & 
two  way  slabs 

In  +ve  moment  areas 

As  min  =  NC/  (0.5  fv) 

10-12-b 

In  -ve  moment  areas 

As  min  =  0.00075  tsL 

10-12-c 

Where  ts  =  slab  thickness 

Act  =  area  of  that  part  of  section  between  flexural  tension  face  and  neutral 
axis  of  stress. 

Nc=  tensile  force  in  concrete  due  to  unfactored  dead  load  plus  live  load. 

L  =  length  of  span  in  direction  parallel  to  that  of  the  rft.  being  determined 
The  following  condition  should  be  followed: 

1) -  Rft.  shall  be  uniformly  distributed  over  pre-compressed  tensile  zone  as 
close  as  practicable  to  extreme  tension  fiber. 

2) -  Rft.  should  be  distributed  within  a  slab  width  equals  to  (c+3ts)  where  c  is 
column  width.  The  bars  should  not  be  less  than  4  bars  with  spacing  >300 
mm.  fy  shall  not  exceed  400  N  /  mm2. 

10-3-3-2  Development  length  and  transfer  length  of  prestressing  steel. 


For  3  or  7  wire  prestressing  strands: 

Development  legnth:  Ld  =  Lt  +  La  =  <\>/7  (fps  -  2/3  fpe)  mm, 


(10-13) 


Where: 


Lt  (transfer  length)  -  (fpe  /  3)  4>/7  mm. 


(10-14-a) 


La  the  length  after  the  critical  section  =  (fps  -  fpe)  4>/7  mm. 


(10-14-b) 


Where  0  is  tendon  diameter  in  mm  ,  and  fpe,  fps  in  N/mm2. 

10-3-3-3  Ultimate  strength  design  shear: 

1)  For  prestressed  beams,  shear  stress  can  be  calculated  at 
a- 1/2  from  the  inner  face  of  support  or 

b-  at  the  first  change  in  web  width  (the  most  critical  of  them). 

2)  Vertical  component  of  prestressing  force  of  inclined  tendons 
should  be  considered. 


Qdu  -  Qu  -  Q 


£V_ 


10-15 


Where  QdU  is  the  design  ultimate  shear  force, 

Qu  is  the  ultimate  shear  force  due  to  dead  and  live  loads, 

Qpv  is  the  vertical  component  of  prestressing  force 

3)  Nominal  concrete  shear  strength: 

a)  The  effect  of  openings  should  be  considered  in  the  calculation  of  ultimate 

shear  strength  qcu. 

b)  VL  >  7.00  N/mm2. 
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qCu  (Nominal  concrete  shear  strength  without  rft.)  N/mm2 

fcu  N/mm 

30 

35 

40 

45 

50 

55 

60 

qcu  min  —  0. 1 25  yj fcu 

0.70 

0.74 

0.79 

0.84 

0.89 

0.93 

0.97 

qcu  max  —0.35  Vfcu 

1.92 

2.07 

2.21 

2.35 

2.47 

2.60 

2.71 

Where.  Mu  is  the  ultimate  moment  at  the  critical  section  in  shear. 

c)  In  elements  in  which  effective  prestressing  fc5rce  is  greater  than  40  %  of 

tensile  strength  of  flexure  rft.  qcu  can  be  calculated  approxinlatelly  eqn. 

(10-16)  (If  accurate  calculation  will  not  be  carried  out  as  in  art  (d-1  & 
d-2)).  . 

d)  Accurate  nominal  concrete  shear  strength  (qcu)  is  the  least  of  qcw  and  qci 
as  follow: 

Approximate 

calculation  of  qcu. 

q«,=  (0.045  ^  +5.0  Qu.  dp/M„)  N/mm2 
q»  dp  /  M„  >  1 ,0 

10-16 

d-1)  Shear  strength  (qci) 

qCi=0.045  yjf^  +qd+  Mcr  /Mmax  N/mm2 

10-17 

qci  S  0.125  ^ 

Mcr  =(I/yt)  (0.60  +  fpce  -  fed)  N/mm2 

10-18 

d-2)  Shear  strength(qcw) 

qcw  =  0.27  yjfcu  +  0.30  fpcc  +  qpv  N/mm2 

10-19 

Where:  MmaN.  =  Ultimate  moment  due  to  external  loads. 

cji  —  Stresses  due  to  ultimate  shear  forces  produced  from  external  loads 


corresponding  to  Mmax.. 

qd  =  Shear  stresses  due  to  unfactored  dead  load. 

fed  =Stress  due  to  unfactored  dead  loads  at  the  section  edge  where  external 
loads  produce  tensile  stress. 

fpee  —concrete  compressive  stress  due  to  effective  prestressing  force  only 
(after  all  losses)  at  the  pre-compressed  tension  zone. 

Yt  —  distance  between  max  tension  fiber  and  neutral  axis  of  the  total  section 
neglecting  the  effect  of  prestressing  steel  and  ordinary  steel. 

I  =  gross  moment  of  inertia  neglecting  the  effect  of  prestressing  steel  and 
ordinary  steel. 

qpv  -  Shear  stress  due  to  the  prestressing  loads. 

fPpc=  Concrete  compressive  stress  (after  all  losses)  at  section  centroid  or  a: 
the  connection  between  beam  web  and  slab  when  the  centroid  lays 
inside  the  slab. 
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As  alternative  solution,  qcw  can  be  taken  equal  to  the  shear  stress  due  to  dead 

and  live  loads  that  produce  main  tensile  stresses  equal  to  0.30  at 

element  neutral  axis  or  at  the  connection  between  flange  and  web  when 
element  axis  lies  inside  the  flange. 


Effective 
depth  (dp) 


Greater 

of 


Distance  between  max.  compression  fiber  and 
centroid  of  prestressing  steel 


0.8  t 


d-3)  For  pre-tensioned  members,  in  case  the  distance  t/2  from  face  of 
support  is  less  than  transfer  length  Lt  (eqa  10-14),  the  corresponding 
prestressing  force  shall  be  taken  in  calculation  of  (qcw).  This  force  is 
calculated  by  assuming  that  the  prestressing  force  increases  linearly 
from  zero  (at  tendon  end)  to  max.  value  (at  distance  Lt). 
d-4)  For  pre-tensioned  members  if  some  tendons  are  anchored  or  stopped 
before  end  of  the  element,  the  reduced  prestressing  force  shall  be  used 
in  calculation  of  shear  stress  according  to  eqns  (10-17),  (10-19),  and 
the  change  in  prestressing  force  can  be  assumed  linearly  from  zero  (at 
tendon  end)  to  max.  value  (at  distance  Lt). 
d-5)  When  calculating  shear  strength  in  ribs  that  have  grouted  ducts  with 
diameter  0  >  bw/8  (where  bw  is  rib  width),  the  effective  rib  width  shall 
be  taken  equal  to  (bw-0.5  Z0)  where:  Z0  is  the  sum  of  ducts 
diameters  at  the  plane  which  contains  the  max.  number  of  tendons. 

4)  Nominal  ultimate  shear  strength  of  web  rft.: 

If  the  ultimate  shear  stresses  (qu)  are  greater  than  nominal  concrete  shear 
strength  (qcu),  a  web  rft.  shall  be  used  according  to  art.  (4-2-2- 1-4),  to 


resist  the  following  stress: 


qsu  =  qu  -  0.50  qcu  (10-20) 


10-3-3-3  Ultimate  Torsion  Strength: 

1)  Critical  sections  for  torsion  are  determined  according  to  art.  (4-2-3- 1). 

2)  Ultimate  shear  stresses  due  to  torsional  moment  (qlu)  are  determined 

according  to  art.  (4-2-3-2). 

3)  Ultimate  shear  stresses  qtU(max).  for  section  with  web  and  longitudinal  rft. 
subjected  to  shear  force  and  torsional  moment  should  not  be  more  than 
the  values  in  art.  (4-2-3-4). 

4)  Effect  of  torsional  moment  can  be  neglected  if : _ 


qtu  <  0.06  VUrcMc/(0.3VU  N/mm'  (’°-21) 
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5)  Reinforcement  for  combined  shear  and  torsion: 

If  the  calculated  stresses  qtu  (art.  10-3-3-4-2)  are  greater  than  the  value 
obtained  from  eqn.  (10-21)  and  less  than  q^max  (art.  4-2-3-4),  a  torsional  rft. 
shall  be  used  (closed  stirrups  and  longitudinal  rft.)  in  addition  to  any  other 
rft,  according  to  table  (4-5). 


Area  of  torsion  rft. 


a- Area  of  one  branch  of  closed  stirrups:  Astr  =  Mtu.S/[2Ao(fYSt/ys)  cot  0] 


10-22 


Case  of  rectangular  section:  Astr  =  Mtu-S/[1 .7(x.yi)(fYSt/Ys)  cot  0] 


l: 


10-23 


b-  Area  of  additional  longitudinal  rft:  Asl  =  (Astr.Ph/s)(fvSt/fY)  cot  6] 


10-24 


-Min.  longitudinal  rft.:AsLm;n=(0.46^/fcu  /yc  ACp/fy)-(Astr/s)Ph(fyst/fy) 
Where:   (Astr/s)  ^  1/6  (b/fYSt)  ' 


10-25 


Where:  9  =  45°  If  the  effective  prestressing  force  is  less  than  40%  tensile 
strength  of  flexure  rft. 

9  =  37.5°  If  the  effective  prestressing  force  is  greater  than  40% 
tensile  strength  of  flexure  rft. 
fcu,  fy,  fyst  are  in  N/mm  . 

All  conditions  in  art.  (4-2-3-5)  shoud  be  fulfilled. 

6)  For  statically  indetermined  structures  where  the  torsional  moment  results 
from  compatibility  of  strains  (compatibility  torsion),  the  ultimate 
torsional  moment  can  be  reduced  to  the  following  value: 


M„,  =  0.3 1 6  (AVpcp)  Vf„  / y2  Jl  +  fpcc  /(0.3VU 


(10-26) 


Where:  AcP  and  Pcp  are  defined  in  art.  (4-2-3 -6) 

10-3-3-5  Tendon  anchorage  zones: 

a-  For  post-tensioned  members,  dimensions  of  end  blocks  are  determined 
such  that  it  achieves  the  ultimate  limit  design  for  concrete  bearing 
strength  (art. 4-2-4). 

b-  Reinforcement  shall  be  provided  where  required  in  tendon  anchorage 
zones  to  resist  splitting  and  spalling  forces  induced  by  tendon 
anchorages  and  it  can  be  calculated  according  to  theory  of  elasticity. 

Strut  and  tie  method  is  a  good  design  tool  for  design  of  these  anchorage 
zones.  -  • " 

c-  Forces  and  reinforcement  of  tendon  anchorage  zones  shall  be 
calculated  to  resist  maximum  jacking  force  and  the  requirements  of 
the  tendon  fabricator. 
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10-3-3-6  Members  subjected  to  combined  flexure  and  axial  loads: 

Members  subjected  to  eccentric  loads  are  designed  by  using  limit  states 
method  (according  to  art.  4-2-1).  Design  shall  satisfy  stability  conditions 
and  compatibility  of  strains,  taking  into  consideration  stresses  of 
prestressing  steel  according  to  art.  (10-3-3-1). 

10-3-4  LOSSES  OF  PRESTRESSING: 

10-3-4-2  Short  term  losses: 

1 )  Losses  due  to  anchorage  slippage 

In  case  of  post-tensioning  systems  only  friction  wedges  used  to  hold  the 
wires  will  slip  a  little  distance  before  the  wires  can  be  firmly  gripped. 


The  amount  of  slippage  varies  between  2-3  mms.  It  depends  upon  the  type 
of  wedge  and  the  stress  of  the  wires  ...etc.  In  most  cases  these  values  are 
given  by  the  tendon  fabricators. 


, _ , _ t _  distance 

0  Jp  -L  3L  L  eluent  length 

Fig  (10-3)  Losses  in  prestressing  force  due  to  anchorage  slip. 


2)  Losses  due  to  elastic  shortening 


a)  Pre  -  tensioning: 


As  the  prestress  is  transformed  to  the  concrete,  the  member  shortens  and  the 
prestressed  steel  shortens  with  it,  hence  there  is  a  loss  of  prestress. 


_  .  .  fc 

Strain  in  concrete  8C  =  —  = 


Ec  Ac  Ec 


=  Sc  strain  of  steel 


Losses  of  prestress  due  to  elastic 


shortening 


10-27 


Where: 

Ep  =  young’s  (elastic)  modulus  for  prestressing  steel. 

ECj  =  young’s  (elastic)  modulus  for  concrete  at  prestressing  age. 

FPci=  primary  stress  in  concrete  around  pre-stressing  steel  before  tosses 
depends  on  time. 
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A  fpe  =  Vi  (Ep  /  sci)  fpd  =  Vi  n  fci  (10-28) 


b)  Post  tensioning 

In  case  of  applying  the  tension  force  for  the  prestressing  steel  one  time, 
losses  will  be  zero,  sequence  of  prestressing  effect  is  taking  into 
consideration  as  follow: 

31  Eosses  due  to  friction: 

In  post-tensioning  only  to  consider  losses  due  to  wobble  effect  and 
curvature  effect. 

Its  value  depends  on: 

The  coefficient  of  friction  between  the  duct-material  and  the  strands,  the 
workmanship,  the  total  change  in  angles  (degree  of  curvature ) ,  the  stress  in 
the  steel  due  to  curvature. 

a)  Due  to  jack  internal  friction: 

Jacks  internal  friction  must  be  considered  according  to  the  given  data  of  the 
tendon  fabricator. 


b)  Losses  due  to  wobble: 


Px  =  P0.e 


•kx 


10-29 


c)  Losses  due  to  curvature: 


P  X  =  Po-g 


M  x  I  rps  ) 


10-30 


l\/u  x! r  )  <0.20  eqn  (10-30)  can  be  simplified  to  Px  =  P0(l-px/rps) 


10-31 


If  (kx  +  ux  /  rps)  <0.20  all  friction 
losses  can  be  calculated  using: 


Px  =  P0  [1-  (kx  +  px/rps] 


10-32 


Where: 

p0  =  prestressing  force  at  jack  (N). 
x  =  distance  from  tension  side  (m)  (Fig  4-10). 

Px  =  prestressing  force  at  x  distance  (N). 

k  =  factor  depend  on  strands  type,  method  of  construction. ..  Etc. 
k  =  0.0033/m'  (normal  case),  k  =  0.0017  /m  rigid  strands  fixed  in  forms 
rps  =  radius  of  curvature  of  cables  . 
p  =0.55  for  steel  moving  on  concrete. 

=  0.30  for  steel  moving  on  steel. 

=  0.25  for  steel  moving  on  lead. 


Jacking  end 


1 

-IS- 

X 

i  i 

A 

h  T 

Po 

Jacking  end 


Fig  (10-4)  Losses  of  prestressing  due  to  friction. 


El-Behairy  Handbook  -  Chapter  (10)  Losses  due  to  elastic  shorting 


-372- 


10-3-4-3  Time  dependent  losses: 

1)  losses  due  to  shrinkage  of  concrete 


AfPsh  =  ssh.Ep  (10-33) 


eSh  =  shortening  strain  in  concrete  due  to  shrinkage. 

-  Strain  in  concrete  due  to  shrinkage  is  determined  from  table  (2-9-a),  and 
if  there  is  no  data  available,  the  value  can  be  taken  from  table  (10-5). 

In  case  of  construction  stage  for  the  prestressing  members,  0.5  eSh  is 
considered  during  first  month,  0.75  eSh  is  considered  during  the  first  six 
months  after  construction. 

Table  (10-5)  strain  due  to  shrinkage  sSh 


pre-stressing  type 


Ssh 


pre-tension  (3-5  days  after  casting) 


300  x  10* 


post-tension  (7-14  days  after  casting) 


200  x  10 


-6 


2)  losses  due  to  creep  of  concrete: 

Table  (6-10)  Strain  due  to  Creep  s 


Prestressing  Type 

2 

•  ;  scr  /  ( N/mm  )  of  working  stress 

fci(concrete  strength  before  prestressing  process)  N/mm 

fci  <  40 

fd  >40 

Pretensioned 

(40/fci)x48xl0‘6 

48x10^ 

Post-tensioned 

(40/fci)x36xl0‘6 

3  6x1 0'6 

Case  of  increasing  working  stresses  over  1/3  (fcu): 

Scr*  =  Scr  .<*  (10-34) 

Where  oc  =  coefficient  from  figure  (10-5). 

-  In  case  of  construction  stage  for  the  prestressing  element 
0.5  8cr  could  occurr  during  the  fist  month. 

0.75  8CT  could  occurr  during  the  six  months. 


fc/f, 


cu 


Fig  (10-5)  change  of  coefficient  a  with  concrete  stress 


El-Behciiry  Handbook  -  Chapter  (10)  Losses  due  to  elastic  shorting 


-373- 


For  bonded  prestressing 

Creep  losses  A  fDcr  =  <\>.  Ep  /  Ec.  f^ 

10-35 

(j)  —  8cr  /  Cel 

10-36 

Where:  §  =2  (Pre-tensioned),  <j)  =1.6  (Post-tensioned). 

Sd  =  Elastic  strain,  fcs=  fcs*-  fCSd*  (10-37) 

fcs*  =concrete  stresses  at  prestressing  steel  level  due  to  prestressing  force  at 
transfer  stage. 

fcsd*  =concrete  stresses  at  prestressing  steel  level  due  to  semi'-piermanent 
loads  at  transfer  stage. 

3)Losses  due  to  yrestressins  steel  relaxation 

Over  tensioning  the  cables  by  (5-10)  %  can  reduce  relaxation  in  steel  and 
the  Jacks  should  be  held  for  2-3  minutes. 


c)  Losses  due  to  steel  relaxation 


Where:  fpy=  Yield  strength  of  prestressing  tendons. 

t  =  time  from  the  beginning  of  prestressing  in  hours  (max  1000  hour). 
fpi=  initial  generated  stress  in  the  adjacent  concrete  to  the  prestressing 
after  short  team  losses  and  before  time  dependent  losses, 
k  i  =  Factor  depend  on  prestressing  steel  type: 
kj  =  10  normal  relaxation  stress  -  relieved  steel, 
ki  =  45  low  relaxation  stress  -  relieved  steel. 

10-4  Analysis  of  prestressed  structures: 

Analysis  and  design  of  prestressed  structures  (statially  determined  or 

statically  indetermined)  should  satisfy  the  requirem  of  the  ultimate  strength 

limit  state  and  the  working  limit  states. 

10-4-1  Statically  indetermined  structures; 

1)  Performance  at  service  load  conditions  shall  be  determined  by  elastic 
analysis,  considering  reactions,  moment,  shear,  and  axial  forces  produced 
by  prestressing,  creep,  shrinkage,  temperature  change,  axial  deformation, 
restraint  of  attached  structural  elements,  and  foundation  settlement. 

2)  Used  moments  to  compute  required  section  strength  shall  be  the  sum  of 
the  moments  due  to  reactions  induced  by  prestressing  (with  a  load  factor 
of  1 .0)  and  the  moments  due  to  factored  loads  as  in  art.  (3-2-1). 

3)  Empirical  methods  should  not  be  used  for  calculation  of  internal  forces. 
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10-4-2  Moments  redistribution: 

It  is  allowed  to  redistribute  moments  calculated  by  elastic  theory  due  to 
any  suitable  cases  of  loading  on  the  spans  under  the  following  conditions: 

-  Equilibrium  between  internal  and  external  forces  for  any  loading  case. 

-  Allowable  reduction  in  positive  or  negative  moments  according  to 
elastic  theory  (should  cover  all  loading  cases)  should  be  less  than  10% 

Ductility  condition  in  sections  at  which  moments  are  redistributed. 

10-4-3  Prestressed  slabs: 

1-  Bending  moments  and  shearing  forces  can  be  determined  by  using 
frames  equivalent  method  (6-2-7-4). 

2-  Internal  stresses  can  be  calculated  by  any  advanced  method. 

3-  Ultimate  moment  capacity  of  prestressed  slabs  at  every  section  shall  not 
be  less  than  the  required  strength  according  to  art.  (10-3-3). 

4-  Shear  strength  of  prestressed  slabs  at  columns  should  not  be  less  than 
values  given  in  art.  (6-2-7 -7). 

5-  All  serviceability  limit  states  should  be  satisfied. 

6-  Details  of  slab  reinforcement: 

*For  normal  live  loads  and  uniformly  distributed  loads,  spacing  of 
prestressing  tendons  or  groups  of  tendons  in  one  direction  shall  not 
exceed  neither  6  times  the  slab  thickness,  nor  1.5  m,  nor  duct  bigger 
dimension  (for  non-circular  ducts). 

*  Spacing  of  tendons  also  should  provide  a  min.  average  prestress  (after  all 
losses)  of  0.90  N/mm2  on  the  slab  section  tributary  to  the  tendon  or 
tendon  group. 

-Two  tendons  at  least  should  be  provided  in  each  direction  through  the 
critical  shear  section  over  columns. 

10-5  Structural  details: 

10-5-3  Tendons  concrete  cover: 

Concrete  cover  is  determined  according  to  durability  requirements,  fire 
resistance,  and  design  requirements. 

10-5-3-1)  Bonded  tendons. 

a)  Concrete  cover  required  for  corrosion  protection: 


Table  (10-7):  Min,  thickness  of  concrete  cover  (mm) 


Min.  fcu  (N/mnr) 

^35 

40 

45 

50 

Degree  of 
exposure* 

Category  one 

25 

25 

25 

25 

Two 

— 

40 

30 

30 

Three 

— 

50 

40 

40 

Four 

— 

~ 

60 

50 

Max.  (free  water/cement)  ratio 

0.50 

0.45 

0.40 

0.35 

Min.  cement  content  (kg/nri) 

350 

400 

425 

450 

*  Degree  of  exposure  is  according  to  (4-11) 
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b)  Concrete  cover  required  for  fire  resistance: 

Conditions  in  table  (2-13)  should  be  satisfied  and  the  concrete  cover 
should  not  be  less  than  values  in  table  (10-8). 

Table  (10-8):  Concrete  cover  according  to  the  required  periods  for  fire 

resistance* 


The  required 

period  for  fire 
resistance 
(hour) 

Concrete  cover  (mm). 

Beams 

Slabs 

Ribs 

Simple 

Continuous 

Simple 

Continuous 

Simple 

Continuous 

0.50 

25 

25 

25 

25  .. 

25 

25 

1.00 

25 

25 

25 

25 

35 

30 

1.50 

35 

30 

30 

25 

45 

35 

2.00 

60 

35 

40 

35 

55 

45 

3.00 

70 

60 

55 

45 

65 

55 

4.00 

80 

70 

65 

55 

75 

65 

*  If  thickness  of  concrete  cover  is  greater  than  45  mm,  precautions  shall  be 
considered  to  prevent  splitting  of  concrete  cover,  and  this  can  be 
achieved  by  decreasing  shrinkage  of  concrete  mix  and  crack  control. 

10-5-3-2)  Concrete  cover  and  allowable  distancec  between  tendons: 


Concrete 

cover 


the 

sat* 

of 


greatest 


50  mm 


Values  in  table  (10-7)  and  (10-8)  +  stirrup  diameter 

Values  in  figure  (10-7)  and  (10-8) 


a  > 

min.  concrete  cover  +  stirrup 
diameter 

2.5  *}> 

— 

B  > 

Max.  aggregate  size  +  5mm. 

2  4> 

20  mm 

C> 

Max.  aggregate  size 

2  4) 

1 0  mm 

Fig.  (10-6):  Pre-tension  system  (wires  or  tendons). 


a  > 

C  (10-5-3-1)  +  stirrup  diameter 

(j)  if  *j)  ^  80  mm 

0.75  *{)  if  *j>  >  120  mm 

50  mm 

bl> 

(j)  or  40  mm 

cl> 

<|)  or  50  mm 

Fig.  (10-7):  Post-tension  system  (single  tendons) 
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a|  J^J) — |  i&i  ifii 

sec  (1)  sec  (2)  sec  (3) 

Fig  (10-8)  Min.  allowable  distance  between  tendons  ducts 


Sec.  (1) 

Sec.  (2) 

Sec.  (3) 

a 

!> 

Fig.  (10-9) 

5*1.5  4) 

3=1.5  <|> 

b 

:> 

1.5  4) 

3  1.5  <j> 

5*1.5  4) 

c 

:> 

1.2  4) 

5*1.2  4) 

3=  1.2  4> 

4> 

<: 

50  mm 

^  50  mm 

^  50  mm 

10-5-3-3  External  tendons: 

In  case  of  protection  of  external  tendons  by  using  concrete  cover,  the  used 

r\ 

concrete  strength  shall  not  be  less  than  40  N/mm  ,  the  thickness  of  concrete 
cover  shall  not  be  less  than  the  previous  values,  and  shall  be  anchored  with 
prestressed  element  by  using  steel  rft.  In  addition,  cracks  control 
requirement  as  in  chapter  (4)  shall  be.  met. 

10- 5-4  Distance  between  prestressing  tendons: 

I  -  pre-tensioning: 

-Distance  between  cables  is  determined  according  to  fig.  (10-6).  If  the 
cables  is  arranged  in  two  groups  or  more  separated  from  each  other,  the 
possibility  of  longitudinal  splitting  in  structural  element  shall  be  taken  into 
consideration  and  it  can  be  avoided  by  adding  stirrups  and  longitudinal  rft. 

-In  pre-tensioned  elements  with  bonded  tendon,  the  distance  between  wires 
or  strands  at  ends  shall  satisfy  requirements  of  art.  (10-3-3-2),  (10-3-3-5). 

11-  Post-tensioning: 

According  to  fig.  (10-7)  and  fig.  (10-8) 

10-5-5  Curved  tendons: 

In  case  of  using  curved  tendons  in  post-tensioning,  positions  of  tendons 
ducts  are  determined  by  3-D  coordinates,  and  also  sequence  of  tendons 
tensioning  are  determined  to  avoid  the  following: 
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a-  Crash  of  side  concrete  cover  perpendicular  to  ducts  curvature  plane, 
b-  Crash  of  cover  in  the  same  plane  of  ducts  curvature, 
c-  Failure  of  concrete  between  ducts  in  curvature  plane  and  the 
perpendicular  plane. 

Thickness  of  concrete  cover  and  distance  between  tendons  shall  not  be  less 
than  values  in  art.  (10-5-3)  and  (10-5-4). 

10-5-6  Tendon  anchorage  zone: 

Fig  (10-9)  shows  the  conditions  for  distances  between  tendon  anchorage. 


bN 


a' 


+ 


f 


± 


rc 


b' 


£ 


a 


I  a  l 


-— <&■ 


— © 


-e 


-v— ©- 


1 


I)  anchors  one  vertical  line  II)  anchore  vertical  and  horizontal 

Fig  (10-9)  distance  between  anchore  plates 

Where: 

C,  D=  are  smaller  and  bigger  dimensions  for  anchor  plate  as  from  fabricator, 
a*  =  min.  allowable  distance  between  anchor  plate  axes  as  from  fabricator. 

5=  (C  or  D)  +  30  mm 

b*  =  min.  allowable  distance  between  anchor  plate  axis  and  concrete  edge  as 
from  fabricator. 

a  =  horizontal  actual  distance  between  anchor  plate  axes. 

b  =  horizontal  actual  distance  between  anchor  plate  axis  and  concrete  edge. 

a'=  vertical  actual  distance  between  anchor  plate  axes. 

b'=  vertical  actual  distance  between  anchor  plate  axis  and  concrete  edge. 

f  =  distance  between  anchor  plate  edge  and  concrete  edge  as  in  next  table:. 


Prestressing  force  (1000KN) 


0.5 


0. 5-1.0 


1. 5-3.0 


3. 0-4.0 


>4.0 


Distance  f  (mm) 


30 


50 


70 


80 


100 


The  next  conditions  should  satisfied: 


a 


> 


a* ,  a 


> 


a* 


b  >  1.50  b* 


b  ^  b* ,  b'  ^  b* 


ab'  2*  1.60  b* 


a'  b  ^  1.60  b*3 


a'  b  ^  Initial  tension  force  /  fc 


cu 


a  a'  ^  1.50  Initial  tension  force  /  fcu 
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1 

PART  ( III ) 


DESIGN  AIDS 


A)  TABLES  AND  CHARTS 

FOR  (USD)  DESIGN  OF  SECTIONS 

B)  PRESTRESSED  CONCRETE 

STRUCTURES 


#  DESIGN  OF  SECTIONS  WITH  TENSION  STEEL  ONLY 

*  DESIGN  OF  SECTIONS  WITH  COMPRESSION  STEEL 

•  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC 
COMPRESSION  FORCE  (INTERACTION DIAGRAMS) 

•  DESIGN  OF  PRESTRESSED  CONCRETE  SECTIONS 
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DESIGN  AIDS 
INTERACTION  DIAGRAMS  FOR  ECCENTRIC  FORCES 


RECTANGULAR  SECTIONS 

i-top  Sc  Bott.  R.F.T.  Only 


N/mrri 


1.00 

0.80 

0.60 


0.90 


0.80 


ii—  R.F.T  ALong  The  Perimeter 

0.90 

X 

t 

^o.so 


/28°  \  X 

fy  =  X-  360  — ^  y  X 

400 


a— 


Xs 

As 


CIRCULAR  SECTIONS 


X,X 


0.90 


0.80 


HEXAGONAL  SECTIONS 


El — Be  hairy  R.C. Design  Handbook:  "Interaction  Diagrams 


-381- 


III.  ULTIMATE  LIMIT  STATE  (DESIGN  FOR  FLEXURE) 

2.1- GENERAL  CONSIDERATIONS: 

The  ultimate  limit  flexure  strength  of  the  cross-section  (Multimate  limit) 
must  be  equal  to  or  greater  than  the  required  strength  (Mu).  Where  Mu  = 
Load  factor .  jM-workiiig- 

2.2- SECTIONS  SUBJECT  TO  SIMPLE  BENDING  WITH  TENSION 
RFT.  ONLY: 

a)  Rectangular  Sections  (beams  and  Slabs)  and  T-section  with  (a  <  ts): 


For  the  design  of 
rectangular  sections 
(beams  and  slabs)  and  T- 
section  with  (a  <  ts)  with 
tension  reinforcement 
only,  the  conditions  of 
equilibrium  are: 

The  force  equilibrium: 

T  =  C 


B 


r - n 

m. 

As 


0.67fcu/yc 
C 


T 


where,  b" 


A 


f. 


Ys 


=  0.67  -^-a.b 

Yc 


=  (b)web  for  R-sec. 

=  (B)  flange  for  T  -  sec. 
=  unit  width  for  slabs 


a  =  As  — 

Ys 


0.67 


code  eqn.(4-2) 


As  fv 


Y, 


fy  Y< 


2d  b*d  ys  1.34  fcu  1.34  ys  fcu 

The  moment  equilibrium: 


where,  |u  = 


b.d 


a. 


a 


M„  =  (T  or  C).  (d  -  — )  =  A,  —  (d  -  — ) 

2  Y.  2 


code  eqn.(4  - 1) 


a  ,  t  i  Ay  ,n  M- 


Y< 


M  =  A  —  d(l - )  —  A  d— —  (1  — 

Ys  2d;  Ys  1-34  y,f 


■) 
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bd2  bd  y,  1-34  y,  fcu  ys  1-34  y.  f„ 


For  simple  bending  :y  — 1.5<&y  =1.15 


R,.  = 


MiL 

bd2 


— — (1  -  0.973p— ^-) 
1.15  f 


■  cu 


(4  -  l  -  a) 


b)  Design  T-section  with  (a  >  ts): 

The  part  of  the  web  in 
com 
then 


Mu  =  0.67  — B.ts(d--^-) 
Yc  2 


B 


~r 


comp  can  be  neglected, 


code  eqn.(4-8) 


0.67fcu/yc 

1 — 4 


I 


d-  — 
2 


2.3-DESIGN  AIDS  FOR  FLEXURE  IN  THE  FORM  OF  CHARTS 
AND  TABLES: 


For  given  values  fcu  &  fy  curves  can  be  developed  for  p  versus  Ru 
The  same  relation  can  also  be  expressed  in  tables  as  shown  on 
pages  number  (403  &  404) 

ii)  Design  Chart  (C): 

represents  eqn.  (4-1)  in  the  following  alternative  form: 
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d  =  C 


M. 


'Kb 


&  A  =  M“ 


fvjd 


J  = 


i.e. 


A  —  (d  -  — ) 

M,  2  1a 

A..f...d  A..f„.d  y/  2d 


*  y 


s  *  y 


(4  -  1  -  b) 


,C/d 


and  C,  =d  p^  =  d 


0.67  — ab(d  — ) 
Yc  2 


=  !/J— 

a.  1  yc  d  2d 


i.e. 


(4  - 1  -  c) 


Where  Ci  &  j  are  function  of  c/d  (a=0.80c) 

For  different  values  of  c/d  calculate  Cl  &  j  values  and  thus  design  chart  (C) 
can  be  easily  drawn. 

Assume:  Cl  equal  to  [3  =>  4  (for  beams)]  &  [4  =>  5  (for  slabs)] 


iii)  Design  Chart  (D) 

One  curve  for  all  concrete  grades  and 
types  of  steel  can  be  developed  as  follows: 

fy 

Assume  co  =  p 


and 


Design  chart  (D)  gives  two  curves  for 


R 


* 


RT 


00'  901  009  907  091  Oil  0  •>  OH  HIT  Oil  031  031 


on  CO 


(4-1  -d) 


R,  and  C,  = 


1 


Jr 


,  versus  co  ,  where  d  =  C, 
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Ru 


00  0«  «0  IS  JO  20  >0  IS  40  <S  *0  Si  (»  00  70  t*  00  It 


rv)  Design  Chart  (E): 

Equation  No.  (4  - 1  -  a)  gives 

as  a  function  of  p,f  &fcu  Forgiven 
values  of  f  cu  &  fy  a  curve  can  be  developed 

for  ( v  =  |i.fy )  versus  R  „  =  v=|i  f 

Alternatively  a  computer  program  using  the  pervious  equations  for  the 
design  of  flexure  members  can  be  developed. 

2.4-  Modes  of  Failure: 

Failure  of  reinforced  concrete  sections  has  two  modes,  brittle  or 
ductile.  Brittle  failure  occurs  when  the  concrete  strain  on  compression  side 
reaches  the  max.  compressive  strain  before  the  reinforcement  reaches  it3  s 
yield  strain. 

0  67f  N  ec=0.003 

Balanced  section  is  the  T — i  r  h-H 

section  at  which  the  concrete  on 
compression  side  reaches  its 
ultimate  strain  (ec  =  0.003)  at  the 
same  time  when  the  steel  in  tension 
side  reaches  its  yield  strain  (sy  = 
fy/ys/Es).  This  condition  gives  the 
position  of  the  neutral  axis. 

c  c 

To  avoid  brittle  failure  the  code  specify  that :  (-)max  =  0.67(-)balanced 

d  d 

which  gives  RC  section  with  ductile  failure 

2.5-  Max.  ultimate  moment  using  tension  steel  only  and  max.%  of  steel: 


*  A 

J-l  max.  —  "  —  0.6  / 


f-  ys  a 


CU 


max . 


R 


b.d 
M 


Yc  fy 


=  0.536 


f~  Ys  c 


CU 


max . 


Y  f 

f  C  *  \ 


u  max . 


max . 


(f„,  /y.)bd2 


=  0.536 


max . 


(1 -0.4-2^-) 
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Table  (4-1) 

The  maximum  values  for  [c/d  &  p  &  R  &  co  &  Ri  &  Cil 

Steel  type 
N/mnrr 

c/d 

Balance 

C/d 

Max. 

Rmax 

M-max 

©max 

Ri  max 

Cl  min. 

240/350 

0.742 

0.50 

0.214 

8.56  x  10'4  fcu 

0.204 

0.142 

2.651 

280/450 

0.711 

0.48 

0.206 

7.00  x  1 0'4  fcu 

0.196 

0.138 

2.693 

360/520 

0.657 

0.44 

0.194 

5.00  x  1 0‘4  fcu 

0.180 

0.129 

2.780 

400/600 

0.633 

0.42 

0.187 

4.31  x  1 0'4  fcu 

0.172 

0.124 

2.830 

450/520 

0.605 

0.40 

0.180 

3.65  x  1 0'4  fCL) 

0.164 

0.120 

2.890 

Table  (4-2)  (Moment  redistribution  ±  10%) 

.  The  maximum  values  for  [c/d  &p&R&co&R1&Ci] 

Steel  type 
N/mrrr 

c/d 

Balance 

c/d 

max. 

Rmax. 

Umax. 

©max 

Ri  max. 

Ci  min. 

240/350 

0.597 

0.40 

0.180 

6.85  x  10"*  fcu 

0.164 

0.120/ 

2.887 

280/450 

0.567 

0.38 

0.173 

5.58  x  10"*  fcu 

0.156 

0.115 

2.940 

360/520 

0.507 

0.34 

0.157 

3.88x10"*  fc 

0.139 

0.105 

3.090 

400/600 

0.477 

0.32 

0.150 

3.29  x  10"*  fcu 

0.132 

0.100 

3.160 

450/520 

0.447 

0.30 

0.142 

2.74  x  10'“  fcu 

0.124 

0.095 

3.250 

Table  (4-1-a) 

The  maximum  values  for  [pmax.  (%)]  for  the  different  fcu  values 

Steel  type 
N/mnrr 

20 

25 

30 

35 

40 

240/350 

‘  1.712 

2.14 

2.568 

2.996 

3.424 

280/450 

1.40 

1.75 

2.10 

2.45 

2.80 

360/520 

1.00 

1.25 

1.50 

1.75 

2.00 

400/600 

0.862 

1.0775 

1.293 

1.5085 

1.724 

450/520 

0.73 

0.9125 

1.095 

1.2775 

1.46 

Table  (4-2-a) 

The  maximum  values  for  [|imax.  (%)]  for  the  different  fcu  values 

Steel  type 
N/mm 

20 

25 

30 

35 

40 

240/350 

1.37 

1.7125 

2.055 

2.3975 

2.74 

280/450 

1.116 

1.395 

1.674 

1.953 

2.232 

360/520 

0.776 

0.97 

1.164 

1.358 

1.552 

400/600 

0.658 

0.8225 

0.987  * 

1.1515 

1.316 

450/520 

0.548 

0.685 

0.822 

0.959 

1.096 
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2.6-  DESIGN  OF  SECTIONS  SUBJECTED  TO  SIMPLE  BENDING 
WITH  TENSION  AND  COMPRESSION  RFT.: 


According  to  clause  (4-2- 1-2)  of  the  code 
when  jimax.  and  Rmax.  are  reached  the  max. 
ultimate  moment  of  the  section  can  be 
increased  by  using  steel  rft.  In  the 
compression  zone.  For  a  given  moment 
Mu  greater  than  the  maximum  moment  of 
singly  reinforced  section  Mumax.  then  add 
steel  area  As'  at  both  compression  and 
tension  side,  thus: 

fy 

AM  =  As'  —  (d-d')  &  Mu 


0.67fcu/yc  sc=0.003 
I— I 
-Cs 
-Cc 


T 


M  +  AM 

u  max . 


M„  =Rm,v 

u  max . 


f  ,  fv 

.  b  .  d2  +  A,'  —  (d-d') 

Yc  Ys 


As- 
Ys 

As  =\i 


=  0.67a 


max . 


f 

.  b  — 


A. 


Y< 


4 

Ys 


max.  •  b  .  d  +  As' 


,  code  eqn.(4-6) 
code  eqn.(4-7) 


NOTES  FOR  SECTIONS  SUBJECTED  TO  SIMPLE  BENDING: 

The  min.  rft.  must  be  checked  as  As  min.  =  The  least  of  [—  .b.d]  or  [1.3  Asreq  ] 

But  not  less  than  0.25%  b.d  for  st  240/350  &  0.15%  b.d  for  st  360/520 
and  in  T-section,  the  value  of  b  is  for  the  web. 

The  ratio  (a/d)  must  not  be  less  than  (0.10). 


f 

y 

<— 

The  least  of 

240 

280 

360 

400 

"r- 

zL 

1.30  ASreq.  OR  -» 

0.46% 

0.40% 

0.31% 

0.275% 

But  not  less  than 

0.25% 

0.25% 

0.15% 

0.15% 
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Section  subjected  to  eccentric  tensile  force: 

Axial  tension  or  eccentric  tension  acting 
between  steel  rft.  (force  is  carried  by  steel 
only)  [e  <  (d-d')/2] 

M 

i  -  Calculate  e  =  — —  ,  (e  <  t  /  2  -  cov  er) 


A«2 

C-s2 

le  , 

Asl 

esl  T 

ii  -  Caculate  e.,  =  t  /  2  -  e  -  cov  er  &  e<7  =  t  /  2  +  e  -  cov  er 

a  p 

/—  &  As2  =  — /  — 


iii  -  Calculate 


A  _  Tu  eS2 

•^Sl  “ 


esi  +es2 .  y. 


esi  +es2  ys 


Solved  Examples  for  Sections  Subjected  to  Flexure 

Example  1: 

Given:  Mu=  300  kN.m,  b  =  300  mm,  fcu  =  25MPa,  fy  =  360MPa, 
Design  using  chart  (D):  Assume  Ci  =  3  (for  beams) 


d  =  C, 


d  =  3  x 


Mu 

fcu-b 


'300x106 
25  x  300 


=  600mm 


Ri  = 


M. 


fcu-b-d 


R,  = 


300  x  10( 


=  0.1111 


25  x  300  x  600“ 
from  chart  (D)  =>  co  =  0. 1 5 


0.15  A,  A, 

\x  = - =  0.104=  s  - 


14.4 


\OJO 

9.0 

3.0 

7.0 


30 

2j0 


P7- 


~c 


-Rjt 


liUL 


iEQBiiiBiE 


0.01  0.03  0  03  0.07  0.09  0.11  0.13  0.10  0.17  0.19  0.21  023  023 


CO  = 


fv  360 

0.15  =  g— —  =  jj. - =  14.4g 


'  cu 


25 


b.d  300  x  600 


A  =  1 875mm  =  1 8.75cm 

s 
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Example  2: 

Design  example  (1)  using  chart  (C): 
Assume  Ci  =  3  (for  beams) 


d  = 


from  chart  (C)  J  =  0.743 


Mu  3Q0xl06 _ 

Jfy.d  _  0.743x360x600 


Example  3: 


d 


=  3x 


300x106 
V  25x300 


=  600mm 


As  =  1870mm2  =  18.70cm2 


Design  example  (1)  using  charts  (A  &  B): 


100 

Example  4: 


Design  example(l)  using  the  first  principle  method: 
Assume,  fs  =  fy  &  fc  =  feu  &  d=600mm 


*  The  force  equilibrium: 

fv  f 

T  =  C  =>  As  —  =  0.67 -^a.b 
Ys  Yc 


a  =  A, 


1 


Y  f 

Ys  0.67 b 


=  0. 093446 A  c 


Yc 


a  0.093446As 


=  7.7871  xlO-5  A 


2d 


2x600 


•(1) 
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*  The  moment  equilibrium: 

Mu  =(T  orC).(d--^-)  =  As  —  (d-^-) 

2  Ts  2 

'  A,  v  cl(l-  i-) . (2) 

Ys  2d 

fv 

From  equations  No.  (1&2)  Mu  =  As.d  — [1  -  (7.7871  x  10  As)] 

Y 

300  x  106  =  187826.087AS  -14.6262AS2 
.".  14.6262A,2  -187826.087A,  +  300xl06  =0 
As  =  1869mm2  =  18.69cm2 
a  =  0.093446AS  =  0.093446  x  1 869  =  1 1 8.58mm 


C  =  =  148. 226mm 

0.8' 

C  148.226 

—  = - =  0.247  < 

d  600 


max. 


V 


d 


A 

0.44 

J 


*  Check  for  Asmin. 

—  .b.d  =  550mm2  &  1.3A  =  2429.7mm2 

sreq . 

Iy 


Where,  As  min.  =  The  least  of 


[Id. b.d]  or  [I -3 Asrcq  ]  =  550mm2 

y 


But  not  less  than  0.15%  b.d  =  270mm2 
•  •  Aisniin.  3 50  mm 


.‘•As design  =  1869  mm2=  18.69  cm2 


Example  5: 

Design  the  following  example  using  compression  steel  reinforcement 
Given:  Mu  =  600  kN.m  fclI  =  25  N/mm2  fy  =  360  N/mm2 

t  =  650  mm  b  =  300  mm 
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Design: 


d  =  C, 


Mu 

fa,-b 


Cl  =  2.01  (use  compresion  re  inf  orcement) 


Mumax  =  Rmax  s*-.b.d‘ 

u  max  .  max  . 

Yc 


Mum„  =  0.194x  —  x300  x  6002  xlO-6  =349.20  kN.m  <600  kN.m 

U  IIldA  .  |  ^ 

AM  =  Mu*  -Mumax  =600-349.20  =  250.80  kN.m 


AM  =  250.80  x  106  =A,'  —  (d  -  d')  =  As’x  — (600  -  50) 

ys  1.15 


As'=  1456.67mm2 
A.  =  u  .  b  .  d  +  A  ' 

s  *  max .  s 

=  (5.00  x  10“4  x  25  x  300  x  600)  +  (1456.67)  =  3706.67mm2  * 


Example  6: 

Design  of  unsymmetrical  rectangular 
section  subjected  to  eccentric  tension 
force  using  design  aids  for  flexure. 

Given:  Tu  =  400  kN  Mu  =  100  kN.m 
t  =  750  mm  b  =  250  mm 
feu  =  25  N/mm2  fy  =  240  N/mnT 


'■s2 


^sl 


T 


es2 


A 


esi  Tu 


e  = 


lCU 

Mu 


100 


=  0.25m  =250  mm 


e  < 


d-d' 


'si 


$2 


Tu  400 

=  t  /  2 -e-cover  =  750/2-250-40  =  85  mm 
=  t/2  +  e- cover  =  750/2  +  250-40  =  585  mm 


A.,= 


T  e. 


esl  +es2 


/—  =  1674  mm2 

Ys 


& 


a  -Ain 


esi+es2  y. 


,{y 

7  —  =  244  mm 


Take  A.  =  5  0  22  &  A.'  =  2  0  16 
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INTERACTION  DIAGRAM 


V)  DESIGN  OF  SEC.  SUBJECTED  TO  ECCENTRIC 
COMPRESSION  FORCE: 

a)  Balanced  conditions  :  Is  the  limit  between  compression  and  tension 
failure. 

% 

.  fcu  As  fy  As  fy 

Balanced  eccentric  force  P,  =  0.67 - a ,  b  - + - 

b  To  b  Vs  Vs 


f^„  .  600  ...  As  fv  A  s  f v 


Pfe  =  0.67  — 0.8  ( 


7c  600  + 

7s 


-)bd-^  + 
7s 


7s 


Pb  =  214.4  ( 


f  fv  A  s  fv 

cu  )bd--^  + - 


Pu 


fy 

600 +  — 
7S 


7s 


7s 


As 


Table  of  Kb  (balanced) 


fcu  b  1 


As 


es 


Ts 

-> 


(case  of  A's  =  As ) 


Type  of 
steel 

(N/mnr) 

280/450 

360/520 

400/600 

C=0.7 

0.219 

0.200 

0.191 

l=0.8 

0.232 

0.212 

0.203 

C=0.9 

0.244 

0.224 

0.214 

*1 

^  K=  Py/fcu.b.t 

/  Compression 

J  ~ — ^failure  (Pu>Pb) 

0/  X 

BO  „ 

pb 

/  ® 

f .  b.t 

CU 

Tension 

n  CiA 

/  J 

failure 

_ 

- 

K. 


*  fou-bA 
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Use  of  Interaction  Diagrams 

(Design  charts  for  design  of  sections  subjected  to  eccentric  compression 
force  Pu) 

* 

For  different  values  of  fy ,  ji  =AS / b  d  ,  a  oc  =  A's/As  ,  £  =  d  ~d 

interaction  diagrams  have  been  calculated  and  are  given  with  their 
computer 

program  in  Appendix  .  They  are  used  as  follows  : 


Procedure  of  design  of  section: 

p 

i-  For  a  given  sec.  calculate  k  =  u 

M 


fcu  b  t 


u 


ii-  Calculate  k  -  = 

*  ^cu  bt 

iii-  Locate  the  point  on  the  interaction  diagram. 

If  the  point  is  at  the  zone  A  (Eccentric  force  with  min  eccentricity  e  < 

0.05  t) : 

Design  as  short  column. 

iv-  For  column  with 

separate  stirrups  :  Pu  =0.35  fcu  Ac  +  0.67  A  s  fy 

If  the  point  is  at  zone  B  (case  of  compression  failure) 
iv-  Design  using  the  interaction  diagram  and  get  p  : 

then  g  =  pfcu  x  10-4 

'  s 

As=pbt  ,  A  s  =( - ) gb t  =apbt  =  a As 

As 

_If  the  point  is  at  the  zone  C  (case  of  tension  failure) 

Section  can  be  designed  using  design  charts  (A,  B,  C,  D,)  for  simple 
bending  as  follows  : 

iv-  Calculate  e  =  Mu/Pu  ,  es  =  e  + 1/2  -  cover  ,  MuS  =  Pues 

v-  Use  chart  B  ,  Calculate  Ci  from  d  =  C{  Jmus  /fcu  b 
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vi-  From  chart  get  J  ,  thus 


OR: 

v-  Use  curves  C  or  D,  select  suitable  curve  for  (  fy 

vi-  Calculate  ku  from  d  =  ku  Mus  /b 


where  ys  =1.15 


vii-  From  chart  get  p  ,  thus  A  s  =  \x  b  d  - -  where  y  s  =1.15 

fy/YS 

P„ 

If  the  point  is  at  the  zone  D  ( -  <  0.04) 

^cu  bt 

Case  of  small  eccentric  force  Pu  which  can  be  neglected  and  section  is  to  be 
designed  on  simple  bending  only  . 

The  interaction  diagrams  are  given  for  values  of : 


fy  =  280 , 360 , 400  N/mm2 

a  =  A's  /As  =1  ,  0.8  ,  0.6 

d-d 

C  = -  =0.90,0.8 

t 


Note  : 


fcu  is  not  a  parameter  &  is 
included  in  the  chart. 


Eccentric  compression  force 


t  t  T  ▼ 


Small  Pu  <  0.04  fcu  Ac 
Neglect  Pu 

Design  for  flexure  only 


Small  Mu  <  P.emin 
neglect  Mu 
design  as  column 


Compression  failure  Tension  failure 

Pu>Pb  Pu<Pb 

use  interaction  use  design 

diagram  charts  for 

bending 
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Solved  Examples  for  Sections  Subjected  to  Eccentric  Force 
Example  1: 

Design  of  a  section  subjected  to  eccentric  compressive  force  using 
interaction  diagrams. 

Given:  Pu  =  1400  kN 

t  =  750  mm 
fcu  =  25  N/mm2 

a  =  1.00 

Design:  067£ Jyr.  ec=0.003 

h — ~n  „  r - H 

Pu  _  1400xI03 

f„.b.t  ~~  25x250x750 

M„  _  240  xio6 

fco.b.t2  ~  25  x  250  x  7502 

es 

From  the  interaction  diagram  for  fy  =  400  N/mm2,  £,=0.9,  a=1.0  {chart 
1/18}  (Page -408) 


Mu  =  240  kN.m 
b  =  250  mm 
fy  =  400  N/mm2 


e  = 


Mu  240 


Pu 


e 

t 


14000 

170 


=  0.17m  =  170mm 


=  0.227  (comp,  failure) 


750 

IX  =  p  .  fcll  .  10'4  =  1.25  x  25  x  10~4  =  0.003125 
As  =  p  .  b  .  t  =  0.003125  x  250  x  750  =  586  mm2 
As'  =  a  .  As  =  1 .0  x  586  =  586  mm2 
Take  As  =  3  0  16  &  As'  =  3  0  16 
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Example  2: 

Design  of  a  section  subjected  to  eccentric  compressive  force  using 


interaction  diagrams. 


Given: 


P»  =  600  kN 
t  =750  mm 
fcu  =  25  N/mm2 

a  =0.80 


Design: 


Mu  =  320  kN.m 
b  =  250  mm 
fv  =  400  N/mm2 


0,67G/yc  sc=0.003 


600x10- 


f  .b.t  25x250x750 


=  0.128  d 


M. 


320  x  10 


f  .b.t2  25  x  250  x  7502 


-  0.091 


V  J  f  J  J  J* 

■ 

c 

a 

( 

T 

From  the  interaction  diagram  for  fy  =  400  N/mm2,  £=0.9,  a=0.80  {chart 
7/18}  (Page -414) 

>  p  =  1.5 


320 


e  = 


Mu  _ _ 

Pu  ”  600 
e 533 
t 


=  0.533m  =  533mm 
=  0.71  (tension  failure) 


750 


y.  =  p  .  fcu  .  10-4  =  1.5  x  25  x  10-4  =  0.00375 
As  =  Ji  .  b  .  t  =  0.00375  X  250  x  750  =  704  nun2 
As'  =  a  .  As  =  0.8  x  704  =  564  mm2 
Take  As  =  4  0  16  &  As'  =  3  0  16 
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Example  3: 

Design  of  unsymmetrical  rectangular  section  subjected  to  eccentric 
compressive  force  using  interaction  diagrams. 


Given: 

Design: 

Pu 

feu  b  t 

feu-b.t2 


Pu  =  600  kN 
t  =750  mm 
fcu  =  25  N/mm2 

a  =0.60 


Mu  =  320  kN.m 
b  =  250  mm 
fy  =  400  N/mm2 


600  xlO3 
25x250x750 

320  xlO6 
25  x  250  x  7502 


From  the  interaction  diagram  for  fy  =  400  N/mm2,  £,=0.9,  a=0.60  {chart 
13/18}  (Page -420) 


Mu  320 

e  = - -  = - =  0.533m  =  5j3mm 

Pu  600 

e  533 

=>=>  —  = - =  0.71  (tension  failure) 

t  750 

|i  =  p  ,  fcu  .  10'4  =  1.6  x  25  x  10"4  =  0.004 
As  =  n  .  b  .  t  =  0.004  x  250  x  750  =  750  mm2 
As'  =  a  .  As  =  0.6  x  750  =  450  mm2 
Take  As  =  4  0  16  &  As'  =  4  0  12 
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ULTIMATE  LIMIT  DESIGN  CHARTS  FOR  SIMPLE  BENDING  &  ECCENTRIC 
FORCE  (TENSION  FAILURE)  FOR  fy  =  240  &  360  N/mm2 
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Chart  (A)  Ru  =  [1  -  0.973  p 


399- 


-400- 


s 


R  sp  (PPP‘Q~l)  PP  CZSC'O 


l 


cd 

T— 

s 

CO  CO 

■«fr 

o 

to 

■H  CD 

CM 

CO 

CO 

05 

tO 

o 

CD 

CM 

b 

CO 

05 

Tt 

o 

CD 

X“ 

b 

CO 

CO 

o 

to 

M 

CM 

r- 

r-  O 

o 

o 

05 

05  00 

CO 

b 

r- 

CD 

CD 

CD 

to 

lO 

xt 

xt 

CO 

CO 

CO 

CM 

CM 

o 

o 

CO 

00 

CO 

CO  00 

CO 

00 

b 

b  b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

h- 

b 

b 

b 

b- 

b 

b 

b 

b 

CD 

o 

o 

o 

o"  o 

o’ 

o’ 

d 

o  o 

o’ 

d 

d 

d 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

d 

d 

d 

d 

d 

d 

xt 

o 

to 

v-  CD 

CD 

05 

CO 

b  00 

CD 

x— 

CD 

to 

05 

CD 

CD 

05 

Tt 

CO 

CO 

to 

o 

CD 

xt 

V“ 

tO 

xt 

to 

at  •*} 

05 

05 

05  O 

CM 

iO 

CO 

X— 

lO 

05 

xt 

05 

xt 

o 

CD 

CM 

CO 

to 

CO 

to 

CM 

05 

b. 

xt 

O 

CD 

xt 

CM  T* 

o 

CO 

b 

CD  CD 

to 

xt 

CO 

CO 

CM 

T— 

x— 

O 

o 

o 

05 

05 

CO 

CO 

CO 

b 

b- 

b 

CO 

CD 

CD 

Tf 

Tj" 

X' 

xt  xt 

xt 

CO 

CO 

CO  CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

cm’ 

CM 

CM 
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CM* 

CM 

CM 

o 

LO 
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U5 

o 
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o  to 

o 

lO 

o 

to 

o 

lO 

o 

lO 

o 

to 

O 

to 

o 

to 

o 

to 

o 

T3 

tO 

N 

o 

CM  to 

b 

o 

CM 

to  b 

o 

CM 

to 

c- 

o 

CM 

to 

b 

o 

CM 

to 

b 

o 

CM 

to 

b- 

o 

CM 

to 

K 

M 

CO 

ID 

CD  h- 

00 

o 

X““ 

CM  CO 

to 

CD 

b 

CO 

o 

x— 

CM 

CO 

tn 

<o 

b 

CO 

o 

T“ 

CM 

CO 

to 

CD 

b* 

CO 

o 

O 

r. 

T 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CO 

CO 

00 

CO 

CO 

CO 

CO 

CO 

xt 

x* 

Tf 

xt 

xt 

xt 

xt 

to 

o’ 

o 

o 

o  o 

o’ 

o 

o' 

o  d 

d 

d 

d 

d 

d 

o 

o 

o 

o 

o 

O 

o 

o 

O 

d 

d 

d 

d 

d 

d 

d 

'  '•  '  handbook  (Design  charts) 


Chart  (C) 


u 

2 


H 

Z 

w 

O 

O 

W 


<3 

o 

z 


Q 

z 

W  ^ 

«  w 


P  ^ 

&  ri 
&  * 


£ 
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< 
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05 
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P 
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W 
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H 
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p 

H 

< 

s 
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ULTIMATE  LIOMIT  DESIGN  TABLES 


(u)  Values  for  (fy=280)  N/mm2 

R 

fcu=40 

|  fcu=35 

|  fcu=30  |  fcu=25 

fcu=20 

0.587 

0.250 

0.591 

1  0.250 

0.251 

0.595 

0.250 

0.251 

0.253 

0.598 

0.250 

0.251 

0.253 

0.254 

0.6 

0.251 

0.251 

0.252 

0.253 

0.255 

0.8 

0.336 

0.337 

0.339 

0.341 

0.345 

1 

0.423 

0.425 

0.427 

0.431 

0.437 

1.2 

0.511 

0.513 

0.517 

0.523 

0.531 

1.4 

0.599 

0.603 

0.609 

0.616 

0.629 

1.6 

0.690 

0.695 

0.702 

0.712 

0.730 

1.8 

0.781 

0.788 

0.797 

0.811 

0.834 

2 

0.873 

0.882 

0.894 

0.912 

0.942 

2.2 

0.967 

0.978 

0.993 

1.016 

1.055 

2.304 

1.017 

1.029 

1.046 

1.071 

1.116 

2.4 

1.063 

1.076 

1.095 

1.123 

1.173 

2.6 

1.159 

1.175 

1.198 

1.234 

1.297 

2.759 

1.237 

1.256 

1.283 

1.324 

1.400 

2.8 

1.258 

1.277 

1.305 

1.348 

2.88 

1.298 

1.318 

1.348 

1.395 

3 

1.358 

1.380 

1.414 

1.467 

3.2 

1.459 

1.486 

1.526 

1.590 

3.4 

1.563 

1.594 

1.641 

1.718 

3.449 

1.588 

1.621 

1.670 

1.750 

3.456 

1.592 

1.625 

1.674 

3.6 

1.668 

1.705 

1.760 

3.8 

1.775 

•1 .818 

1.883 

4 

1.885 

1.934 

2.010 

4.033 

1.903 

1.953 

2.031 

4.138 

1.962 

2.016 

2.100 

4.2 

1.996 

2.053 

4.4 

2.111 

2.176 

4.6 

2.227 

2.302 

4.609 

2.232 

2.307 

4.8 

2.346 

2.432 

4.828 

2.363 

2.450 

5 

2.469 

5.2 

2.594 

5.4 

2.723 

5.518 

2.800 

(p.)  Values  for  (fy=400)  N/mm2 


R 

fcu=40 

|  fcu=35 

|  fcu=30 

1"  fcu=25 

fcu=20 

0.505 

0.150 

0.51 

1"  0.150 

0.150 

0.151 

0.514 

0.150 

0.150 

0.151 

0.151 

0.152 

0.55 

0.161 

0.161 

0.162 

0.162 

0.163 

0.6 

0.175 

0.176 

0.177 

0.177 

0.179 

0.8 

0.235 

0.236 

0.237 

0239 

0.241 

1 

0.296 

0.297 

0.299 

0.302 

0.306 

1.2 

0.357 

0.359 

0.362 

0.366 

0.372 

1.4 

0.420 

0.422 

0.426 

0.431 

0.440 

1.6 

0.483 

0.486 

0.491 

0.499 

0.511 

1.8 

0.547 

0.551 

0.558 

0.568 

0.584 

1.995 

0.610 

0.616 

0.624 

0.637 

0.658 

2 

0.61 1 

0.617 

0.626 

0.638 

U.660 

2.2 

0.677 

0.685 

0.695 

0.711 

0.739 

2.4 

0.744 

0.753 

0.766 

0.786 

0.821 

2.495 

0.776 

0.786 

0.800 

0.823 

0.862 

2.6 

0.812 

0.823 

0.839 

0.864 

2.8 

0.880 

0.894 

0.913 

0.944 

2.994 

0.948 

0.964 

0.987 

1.024 

3 

0.950 

0.966 

0.990 

1.027 

3.119 

0.993 

1.010 

1.036 

1.077 

3.2 

1.022 

1.040 

1.068 

3.4 

1.094 

1.116 

1.149 

3.49 

1.127 

1.151 

1.186 

3.6 

1.168 

1.193 

1.232 

3.744 

1.222 

1.250 

1.293 

3.8 

1.243 

1.273 

3.99 

1.316 

1.350 

4 

1.319 

1.354 

4.2 

1.398 

1.437 

4.365 

1.463 

1.508 

4.4 

1.477 

4.6 

1.559 

4.8 

1.642 

4.99 

1.724 

■ 

Assume;  b  &  d 
Ru  =  Mu  /  b.d~  N/mm2 
From  table  Find  (p,)  value 
As  =  (n/100)  ,(b.d) 


%in.=  The  least  of 


1.1 


b  .  d  &  1.3  As 


But  not 
req‘  less  than 


0.25%.b.d  for  st.  280 
0. 15%.b.d  for  st.  400 
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INTERACTION 


DIAGRAMS 


FOR 

DESIGN  OF  SECTIONS 
SUBJECTED  TO  ECCENTRIC 
ULTIMATE  COMPRESSION 

FORCE 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
Pu 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
Pu 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
pu  (  Uniformly  Distributed  Steel  ) 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
p  (  Circular  Sections  ) 
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INTERACTION  DIAGRAMS 

FOR  DESIGN  OF  SECTIONS  SUBJECTED  TO  ECCENTRIC  COMP.  FORCES 
pu  (  Circular  Sections  ) 
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U.L.D.  CHARTS  FOR  SECTIONS  SUBJECTED  TO  ECCENTRIC  FORCES 
P  „  (  HEXAGONAL  SECTIONS  ) 


f  R3 
‘cu  rs- 


As  =•  /x  A  ■=  /x  /6.75  R 


/~\  H-Sec. 
^  5/6 


El—Behairy  R.C. Design  Handbook:  " Interaction  Diagrams" 


-442- 


U.L.D.  CHARTS  FOR  SECTIONS  SUBJECTED  TO  ECCENTRIC  FORCES 


(  HEXAGONAL  SECTIONS  ) 
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DESIGN  AIDES 
FOR 


Vm.l.  Dimensioning  of  prestressed  concrete  sections. 

I.  Leonhardt's  curves  for  dimensioning  of prestressed  T-sections: 

I.clKi  -  curves . ; .  445 

I.b.K3  -  curves .  445 

Lc.K2-  curves .  447 

I.d.K4  -  curves . 447 

IX  Leonhardt's  curves  for  dimensioning  of prestressed  Box  &  I-sections  : 

Il.a.Ki  -  curves .... . . . ; .  448 

II.b.Ks  -  curves . . . 449- 

II.C.K2  -  curves . 450 

HI.  Leonhardt's  curves  for  dimensioning  of prestressed  Rectangular 

sections  .  45O 

VIII.2.  Properties  of  Prestressing  Tendons ... . . .  45  ] 


Notes  to  Leonhardt's  Curves  for  dimensioning  of  Prestresses  Concrete  Sections  : 

Kj  -  Curves  :  for  obtaining  the  required  depth  : 


d  =  K 


M 


max 


1  Y b.  fc  top 


based  on  the  assumbtion  that  j boaom  -o  (Fullpre¬ 
stressing).  fctop  is  the  max  compr.  stress. 

K2-  Curves  :  The  Final  Prestressing  Force  is  : 


fhnH  O 


Fco  =  K2.  fctop-  b.  d.  The  initial  prestressing 
Force  Fo  -  F^  /  co  (co  =  0.95  ~  0.8) 

Kr  Curves  :  for  no  tensile  stresses  in  the  compr. 


zone,  the  min  value  of  the  B.M.  is  : 
i\for  min.  Mg  +p  =  K3.  Fa.  d 

I(j-  Curves  :  due  to  min  M  &  Fo,  the  max.  compr. 


stresses  in  the  tension  zone  :  max  fbott,  =K4.  Fo/b.d 
_ must  not  exceed  the  allowable  value. _ 

El-Behairy  R.C.  Design  Handbook  Degn  Aids  Prestressed  Concrete 
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Properties  of  Prestressing  Steel  Strands  (  Freyssinet  System  ) 


GRADE 

NOMINAL 

DIAMETER 

NOMINAL 

AREA 

NOMINAL 

WEIGHT 

BREAKING 

STRENGTH 

MIN. 

LOAD  AT  1% 
EXSTENSION 

in 

mm 

mm2 

kg/m 

kN 

kN 

250 

0.5" 

12.7 

92.90 

0.73 

160.1 

136.2 

270 

0.5" 

12.7 

98.71 

0.775 

183.7 

156.1 

250 

0.6" 

15.24 

139.35 

1.094 

240.2 

204.2 

270 

0.6" 

15.24 

140.00 

1.102 

260.7 

221.5 

Allowable  Prestressing  Force  For  Tendons  (  KN  ):- 


GRADE  250 

GRADE  270 

UNIT  TYPE 

100% 

80% 

75% 

100% 

80% 

75% 

12<f>13 

1921 

1537 

1440 

2204 

1764 

1653 

19({)13 

3042 

2434 

2281 

3490 

2792 

2617 

274)13 

4323 

3458 

3242 

4960 

3968 

3720 

74>15 

1681 

1345 

1260 

1825 

1460 

1369 

124)15 

2882 

2305 

2161 

3128 

2503 

2346 

194)15 

4563 

3651 

3422 

4953 

3962 

3715 

Properties  of  Stressing  anchorages:-  1  -  Live  end.  Type  (  A  ) 


-«9- 


0  H 


E>ll«3 


I 


u. 


1 


UNIT  TYPE 

A 

B 

c 

D 

E 

I.D./0.D. 

F 

G 

H 

L 

124)13 

74>15 

240 

150 

300 

90 

65/71 

250 

50 

14 

300 

194)13 

124)15 

300 

180 

450 

105 

80/86 

330 

50 

14 

300 

274)13 

194)15 

360 

230 

550 

120 

100/106 

390 

60 

16 

360 

3U 

|)13 

224)15 

390 

230 

550 

130 

110/116 

430 

60 

18 

360 

AH  dimensions  in  mm 
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Properties  of  Stressing  anchorages:-  1  -  Live  end.  Type  (  B  ) 


Ha- 


0  A 


-ehi  <a 


«9- 


UNIT  TYPE 

A 

B 

C 

D 

E 

LDJ0.D. 

F 

G 

H 

L 

124>13 

74>15 

195 

150 

190 

145 

65/71 

250 

50 

14 

300 

194)13 

12(j>15 

245 

180 

250 

160 

80/86 

330 

50 

14 

300 

274)13 

194)15 

290 

230 

310 

175 

100/106 

390 

60 

16 

360 

314)13 

224>15 

310 

230 

340 

185 

110/116 

430 

60 

18 

360 

Ali  dimensions  in  nun 

Properties  of  Stressing  anchorages:-  2-  Blind  -  end  (  Dead  end  ) 


0  H 


um J  nil 

B 


n  n  a  m  n 


nun 


1 1  ij  u  ii  ii  n. 


u. 


UNIT  TYPE 

A 

B 

C 

F 

G 

H 

L 

124)13 

250 

350 

800 

250 

60 

12 

360 

194)13 

420 

350 

800 

300 

60 

14 

.420 

74>15 

160 

400 

850 

250 

60 

12 

360 

124)15 

250 

400 

850 

300 

60 

14 

420 

194)15 

440 

400 

850 

350 

75 

16 

525 

All  dimensions  in  mm 
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1-  Properties  of  prestressing 

Tendons:- 


Strands  installed  in  anchorand 
stressing  head 


Prestressing  operation 


Strand  t 

ia.  0.5" 

Strand  dia.  0.6" 

Number  of  strands 

7 

12 

19 

31 

4 

7 

12 

19 

Area  (cm2  ) 

7.0 

12.0 

19.0 

31.0 

6.0 

10.5 

18.0 

28.50 

Weight  of  Strand  bundle  kg/m 

5.5 

9.42 

14.92 

24.34 

4.71 

8.4 

14.13 

22.37 

Ultimate  tensileforce  (t) 

130.9 

224.4 

355.3 

579.7 

112.2 

196.4 

336.6 

533.0 

Stressing  force  at  0.8  u.ts.(t) 

104.7 

179.5 

284.2 

463.8 

89.8 

157.1 

269.3 

426.4 

Area  of  SingleStrand  0.5”  (  13mm  )  =  1.00  cm2  =  100mm2 
Area  of  Single  Strand  0.6”  (  15mm  )=  1.50  cm2  =  150mm2 
Guaranteed  Ultimate  Tensile  Strength  =  1870  N/mm2  =  18.70  t/cm2 


1-  Properties  of  .Stressing 

Anchorage:- 


f 


Strand  dia.  0.5" 

Stranc 

dia.  0.6" 

number  of  strands 

7 

12 

19 

31 

4 

7 

12 

19 

anchorage  typeM 

705 

1205 

1905 

3105 

406 

706 

1206 

1906 

plate  size  d  1) 

200 

265 

330 

425 

180 

240 

315 

395 

plate  size  d  2) 

175 

220 

270 

345 

175 

220 

270 

345 

anchor  length  e 

80 

90 

100 

110 

90 

90 

100 

110 

trumpetlength  f 

230 

400 

550 

750 

230 

300 

560 

720 

trumpet  dia  g 

79 

112 

142 

182 

74 

96 

138 

174 

All  dimensions  in  mm 
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Properties  of  Bearing 

Plate  castings:- 


strand  dia.  0.5" 

strand  dia.  0.6" 

number  of  strands 

7 

12 

19 

31 

42 

4 

7 

12 

19 

31 

Plate  diameter  h 

175 

230 

285 

360 

420 

175 

220 

275 

345 

440 

trumpet  length  i 

250 

400 

475 

550 

700 

250 

300 

400 

500 

.650 

All  dimensions' in  mm 


Properties  of 

Fixed  anchorages:-  Anchorage  with  up  to  7  strands 


Fixed  Loop 

anchorages 


H 


r  - 

m 

/ 

f 

Anchorage  with  8  to  19  strands 


strand  dia.  0.5" 

strand  dia.  0.6" 

number  of  strands 

7 

12 

19 

4 

7 

12 

anchorage 

typeE 

705 

1205 

1905 

406 

706 

1206 

side  length 

K 

350 

300 

500 

240 

420 

360 

side  length 

1 

125 

330 

330 

155 

155 

400 

anchor  length 

m 

700 

700 

900 

900 

900 

900 

All  dimensions  in  mm 


Coupling  detail 


1 

strand  dia.  0.5" 

strand  dia.  0.6" 

number  of  strands 

7 

12 

19 

31 

4 

7 

12 

19 

fixed  coupling  type  K 

705 

1205 

1905 

3105 

406 

706 

1206 

1906 

length  n 

390 

570 

750 

930 

410 

480 

710 

900 

diameter  o 

155 

200 

245 

305 

155 

195 

245 

300 

movable  coupling  type  KC 

705 

1205 

1905 

3105 

406 

706 

1206 

1906 

length=p+elongation  p 

610 

960 

1290 

1620 

630 

770 

1210 

1560 

Diameter  q 

155 

200 

245 

305 

155 

195 

245 

300 

All  dimensions  in  mm 
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y.-'y 

Mechanical  properties  of  stress-relieved7  wires  strands: 

Nominal 

diameter 

(mm) 

Nominal 

area 

(mm2) 

Tensile  strength  fpu 
(N/mm2) 

Yeild  stress  fpy 
(N/mm2) 

Grade  270 

Grade  250 

Grade  270 

Grade  250 

23.22 

6.35 

— 

40.00 

— 

34.00 

37.42 

7.94 

— 

64.50 

— 

54.70 

51.61 

9.53 

102.3 

89.00 

87.0 

75.60 

69.68 

11.11 

137.9 

120.1 

117.2 

102.3 

92.90 

12.70 

183.7 

160.1 

156.1 

136.2 

139.35 

15.24 

260.7 

240.2 

221.5 

204.2 

*  %  of  relaxation  is  determined  after  1000  hour  in  case  of  low  relaxation 
wires  or  strands. 

**  Yield  stress  of  low  relaxation  wires  and  strands  shall  not  be  less  than 
90%  of  tensile  strength. 

Mechanical  properties  for  strands  in  British  standards: 

Strand  type 

Nominal 

diameter 

(mm) 

Nominal 

area 

(mm2) 

Tensile 

strength 

(KN) 

Proof 
strength 
0.10  % 
(KN) 

standard 

7  Standard 
strand 

9.3 

52.3 

92 

78.00 

BS  5896 

11.0 

71.0 

125 

106.00 

12.5 

94.2 

164 

139.00 

15.2 

138.2 

232 

197.00 

Super  7  -  wire 
strands 

8.0 

38.0 

70 

59.00 

BS  5896 

9.6 

55.0 

102 

89.00 

11.3 

75.0 

139 

118.00 

12.9 

100.0 

186 

158.00 

Drawn  7  -wires 
strand 

15.7 

150.0 

265 

225.00 

BS  5896 

12.7 

112.0 

209 

179.00 

15.2 

165.0 

300 

255.00 

18.0 

223.0 

380 

323.00 

1 9  wires  strand 

18.0 

210.0 

370 

319.50 

BS  4757  ; 

25.4 

423.0 

659 

560.15 

28.6 

535.0 

823 

699.55 

31.8 

660.0 

979 

832.15 
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Conversion  Factors 

From  Metric  System  to  System  International  (SI) 


Metric  system 

SI 

Kg  (Force) 

— 

9.81  N 

Kg  (Force). m 

= 

9.81  N.  m 

Kg  (Force)  /  m 

9.81  N  /  m 

Kg  (Force)  /  cm2 

0.0981  N/  mm2 

Kg  (Force)  /  m2 

r= 

9.81  N/  m2 

Kg  (Force)  /  cm3 

= 

9.81  N/  m3 

0.102  Kg  (Force) 

- 

1.00  N 

0.102  Kg  (Force).m 

= 

1.0  N.m 

0. 102  Kg  (Force)  /  m 

= 

1.0  N  /  m 

0.102  Kg  (Force)  /  cm2 

= 

1.0N/  mm2 

0. 102  Kg  (Force)  /  m2 

= 

1.0  N/  m2 

0. 102  Kg  (Force)  /  m3 

= 

1.0  N/  m3 

Note: 

For  simplicity,  it  is  considered  that: 

1.0  Kg  (Force)  =  ION 
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Kg/cm2 

N/mm2 

Eqn  No 

Ec  =  14000^ 

Ec  =  4400^ 

2-1 

Plain  =  As/bd  =ll/fy 

IJ-™  =  As/bd  =  l.l/fy 

4-9 

q  =  2.2  If  / y 

umax  v  cu  c 

q  =0.7  If  /y 

u  max  V  cu  c 

4-15 

q  <0.19  Jf  /y 

*tu  -V  cu  c 

q  <0.06  If  /y 

^tu  V  cu  c 

4-17 

q  =0.75  If  /y 
’cu  V  cu  c 

q  =0.24  If  /y 
cu  V  cu  c 

/  4-18 

5  =1  +  0.007  ( P  1 A  ) 
c  u  c 

5  =1  +  0.07(P  /A  ) 
c  u  c 

4-19 

6.  =1-0.02(T  /A  ) 
t  u  c 

8.  =1-0.2(T  /A  ) 
t  u  c 

4-20 

q  ,  <0.75  If  /y 
sub  V  cu  c 

q  ,  <  0.24  If  /y 
sub  V  cu  c 

4-27 

A  4 

s  _  ^ 

^min  bS  (fv) 

_  As  _  °-4 
^  bS  (fv) 

4-28 

)+nin  Ast min/(b.s)-  (4/(fy)(qu/qcu) 

J+nin  —  Ast  min/(b.s)  (0.4/(f^)(qu/qcu) 

4-29 

9CU  =0-5Vfcu/Yc  -  9U 

qcu  =  016VWYc  S9U 

4  30 

J 

4-32-a 

q  =  2.5[ad  +0.2]  If  / y 

cup  b  V  CU  c 

0 

q  =  0.8[^'u  +  0.2  ]  If  /y 
cup  b  v  cu  c 

0 

%up  =[0.5  +  (a/b)]i/fcu/Yo 

%ap  =0.3,q0.5  +  (a/b)]^fcu/rc 

4-3  2-b 

q  <  If  /y 
cup  V  cu  c 

q  <  0.316  If  /y 
cup  V  cu  c 

4-33 
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Kg/cm2 

N/mm2 

Eqn  No 

<U  ^1.45^  /ye 

Qoup  ^  °-46Vf»  1  Ye 

4-44 

^tu(max)  ^ '^ti  V^cu  !  7  c 

^tu(max)  ^‘^ti  ^cu  ^ 

4-48-a 

qu  (max)  ^ '^si  V^cu  ^7c 

(max)  ^  C  V^cu 

4-48-b 

(2Astr+Ast)>3.5S.b/(<yst/rs; 

(2Astr  +  Ast)>0.35S.b/(fyst/ys) 

4-52 

145  ^rcu/Yc^  Acp  Astr.  f  yst 

°-46  ^|(f  cu/yc)  ACp  Astr  fyst 

4-53-b 

Asl  min  ~~  *  (  ^  b’h  ^  ; 

f  S  f 

I  y  I  y 

A  si  min  _  "  ^  ^  F  h  ^  ^ 

f  S  f 

ly  I  y 

I  ~  \  _ 

4-54 

Mtu  =  \A  cp  /  PCp  jyj fcu  /  y c 

Mtu=0.316(A2cp/Pcpjyfcu/Yc 

fbu  =  0  95  Vfcu  /Tc 

C  =  0-^0  V^cu  /  7  c 

4-57 

L  (o.8  +  fy/15000) 
t_  36  +  90 

L  (o.8  +  fy/1500) 
t_  36  +  90 

4-61 

*ctr  =l-90Vf cu 

Cr  =  ^  ^  V^cu 

4-64 

fps  =  fpe  +  700  +  (fcu  /  125  lip) 

fpS  =  fpe  +  70  +  (tu  /  125  |ip) 

10-9 

fps  =  fpe  +  700  +  (fa,  /  375  |ip) 

fps  =  fpe  +  70  +  (tu  /  375  |ip) 

10-10 

qci=0. 142  VC  +qd+  q,  Mcr  /Mmax 

qcl=0.045  V^cu  +cld+  qi  Mcr  /Mmax 

10-17 

M„=(i/y.)(i.90  y^+fpce-U 

Mcr  =(I/y,)  (0.60  VC  +  fpce  -  fed) 

10-18 

qcw  =  0.85  VC  +  0.30  fpcc  +  qPv 

qcw  =  0.27  VC  +  0 .30  fpcc  +  qpv 

10-19 

^  tu  =  ^  Yc  +  ^pcc  /(0-3-Jfcu  ) 

qtu  =  0.06-^ fcu  /yc  ^1  +  lpcc  ;(0.3-Jlcu  ) 

10-21 
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Kg/cm" 


N/mmJ 


Eqn  No 


A,Lmin=(1.45  ^/fcu  /  yc  Acp/fy)-( Aar/s)Ph(fy1,/fy) 


A«Lmin=(0-46  fcu  /  Yc 


10-25 


Mlu  (A  cp  /  ^Cp )>/^cu  /Yc  V1  +  %cc  /(0.95Vfcu ) 


kg/cm 


10-26 


M,u  =  0.316(A2Cp  /P  +  fpcc  /(0.3Vf^)  N/mm‘ 


D  *  <r« 


I-  - 


j  J 


<  < 


Y>. 


-.4 


h  .  > 


?  o  -  i*  ^ 


« 


5  u  /, 


A  v/.  * 


-4 


\  f 


•4  g  ,  u-  ^ 


/y  ~  r 


- 


o  -  lx 


-£  c» 


;/  -  /»  : 


N-~'  'A  c.„' 
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